INTRODUCTION 

Micro Linear Corporation, headquartered in San Jose, California, designs, 
develops and markets high performance analog and mixed signal 
integrated circuits for a broad range of applications within the 
communications, computer and industrial markets. By combining its 
analog expertise with a unique development methodology, Micro Linear 
offers to its customers highly- integrated system-level solutions that add 
value and reduce systems costs. 

This product catalog contains more than 180 standard products many of 
which are application specific focused on the following areas: 

Local Area Networks 

Telecommunications 

Hard Disk Drives 

Magnetic Tape Drives 

Magneto-Optical Drives 

Motor Controls 

Switch Mode Power Supplies 

DC to DC Converters 

Fluorescent Lamp Ballasts 

Data Acquisition Systems 

Bus Products 

Micro Linear is committed to supplying analog and mixed signal system 
level solutions to our customers with the highest quality and best service 
possible. 
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LIFE SUPPORT POLICY 

MICRO LINEAR'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT 
THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF MICRO LINEAR CORPORATION. As used herein: 

1 . Life support devices or systems are devices or systems which, (a) are 2. A critical component is any component of a life support device or 

intended for surgical implant into the body, or (b) support or sustain life, system whose failure to perform can be reasonably expected to cause the 

and whose failure to perform, when properly used in accordance with failure of the life support device or system, or to affect its safety or 

instructions for use provided in the labeling, can be reasonably expected effectiveness, 
to result in a significant injury to the user. 

Micro Linear reserves the right to make changes at any time, without notice, to any of its products, specifications, processes, and suppliers. The 
application notes, schematic diagrams, printed circuit layouts and other information contained herein is provided as application aids only and are 
therefore provided "AS IS." MICRO LINEAR MAKES NO WARRANTIES WITH RESPECT TO THE INFORMATION CONTAINED HEREIN, EXPRESS, 
IMPLIED, STATUTORY OR OTHERWISE, AND MICRO LINEAR EXPRESSLY DISCLAIMS ANY IMPLIED WARRANTIES OF MERCHANTABILITY, 
NON-INFRINGEMENT OF THIRD PARTY INTELLECTUAL PROPERTY RIGHTS AND FITNESS FOR A PARTICULAR PURPOSE. 
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SECTION 9— PACKAGING 

Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
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Package: 
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Package: 
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INFORMATION 

J08 8-Pin Hermetic DIP 9-1 

P08 8-Pin Molded DIP 9-1 

S08N 8-Pin SOIC (Narrow) 9-2 

J14 14-Pin Hermetic DIP 9-2 

P14 14-Pin Molded DIP 9-3 

S14N 14-Pin SOIC (Narrow) 9-3 

J16 16-Pin Hermetic DIP 9-4 

P16 16-Pin Molded DIP 9-4 

S16N 16-Pin SOIC (Narrow) 9-5 

S16VV 16-Pin SOIC 9-5 

J18 18-Pin Hermetic DIP 9-6 

P18 18-Pin Molded DIP 9-6 

S18W 18-Pin SOIC 9-7 

J20 20-Pin Hermetic DIP 9-7 

P20 20-Pin Molded DIP 9-8 

Q20 20-Pin Molded Leaded PCC 9-8 

R20 20-Pin SSOP 9-9 

K20 20-Pin QSOP 9-9 

T20 20-Pin TSSOP 9-10 

S20W 20-Pin SOIC 9-10 

P22 22-Pin Molded DIP 9-11 

J24W 24-Pin Hermetic DIP 9-11 

J24N 24-Pin Hermetic Ceramic DIP (Narrow) 9-12 

P24W 24-Pin Molded DIP 9-12 

P24N 24-Pin Molded DIP (Narrow) 9-13 

R24 24-Pin SSOP 9-9 

S24W 24-Pin SOIC 9-13 

J28W 28-Pin Hermetic DIP 9-14 

P28W 28-Pin Molded DIP 9-14 

P28N 28-Pin Molded DIP 9-15 

Q28 28-Pin Molded Leaded PCC 9-1 5 

R28 28-Pin SSOP 9-9 

S28W 28-Pin SOIC 9-16 

H32 32-Pin TQFP 9-16 

Q32 32-Pin Molded Leaded PCC 9-1 7 

S32W 32-Pin. SOIC 9-1 7 

J40 40-Pin Hermetic DIP 9-18 

P40 40-Pin Molded Plastic DIP 9-18 

G44 44-Pin PQFP 9-19 

Q44 44-Pin Molded Leaded PCC 9-19 
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SECTION 9 — PACKAGING INFORMATION (continued) 

Package: H44 44-Pin TQFP 9-20 

Package: H48 48-Pin TQFP 9-16 

Package: G52 52-Pin PQFP 9-19 

Package: Q52 52-Pin Molded Leaded PCC 9-1 9 

Package: H52 52-Pin TQFP 9-20 

Package: H64 64-Pin TQFP 9-20 

Package: Q68 68-Pin Molded Leaded PCC 9-19 

Package: Q84 84-Pin Molded Leaded PCC 9-1 9 
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General 
Ordering Information 



Part Number and Package Type Explanation 



PART NUMBER 



T 



Package Type 

Temperature Range 
M = -55°Cto+125°C 
I = -40°C to +85°C 
C = 0°C to +70°C 
E = -20°C to +70°C 

Number or letter indicates electrical grade of part (optional) 

Three to five digit generic or product part number 

Micro Linear Prefix or for second source device is the same as original source 

Number or letter indicates electrical grade of part (optional) ■ 



PACKAGE TYPE 



Letter Suffix 


Description 


D 


Side Brazed Hermetic DIP 


F 


Flat Pack 


G 


(PQFP) Plastic Quad Flat Pack 


H 


Thin Quad Flat Pack (TQFP) 


J 


Ceramic Hermetic DIP (CERDIP) 


K 


Quarter Size Small Outline Package (QSOP) 


L 


Ceramic Leadless Chip Carrier (LCC) 


P 


Plastic DIP 


Q 


Plastic Chip Carrier (PCC) 


R 


Shrink Small Outline Package (SSOP) 


S 


Small Outline (SOIC) 


T 


Thin Shrink Small Outline Package (TSSOP) 
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Cross Reference Guide 



Alternate Source Part Number 



Analog Devices 



Analog Devices 
Part Number 



Micro Linear 
Direct Replacement 1 



AD7820BQ 

AD7820CQ 

AD7820KN 

AD7820KP 

AD7820LN 

AD7820LP 

AD7820TQ 

AD7820UQ 

AD7824BQ 

AD7824CQ 

AD7824KN 

AD7824LN 

AD7824TQ 

AD7824UQ 



ML2261CIJ 

ML2261BIJ 

ML2261CCP 

ML2261CCQ 

ML2261BCP 

ML2261BCQ 

ML2261CMJ 

ML2261BMJ 

ML2264CIJ 

ML2264BIJ 

ML2264CCP 

ML2264BCP 

ML2264CMJ 

ML2264BMJ 



Linear Technology 



Linear Technology 
Part Number 



Micro Linear 
Direct Replacement 1 



LTC1060ACJ 

LTC1060ACN 

LTC1060AMJ 

LTC1060CJ 

LTC1 060CN 

LTC1060MJ 



ML2110BIJ2 

ML2110BCP2 

ML2110BMJ2 

ML2110CIJ2 

ML2110CCP2 

ML2110CMJ2 



National Semiconductor 



National Semiconductor 
Part Number 



Micro Linear 
Direct Replacement 1 



ADC0808CJ 

ADC0808CCJ 

ADC0808CCV 

ADC0809CCN 

ADC0809CCV 

ADC0820BCJ 

ADC0820BCN 

ADC0820BCV 

ADC0820CCJ 

ADC0820CCN 

ADC0820CCV 

ADC0820CJ 



ML2258BMJ 

ML2258BIJ 

ML2258B1Q 

ML2258CIP 

ML2258CIQ 

ML2261BIJ 

ML2261BCP 

ML2261 BCQ 

ML2261CIJ 

ML2261CCP 

ML2261CCQ 

ML2261CMJ 



National Semiconductor 



National Semiconductor 
Part Number 



ADC0831BCJ 

ADC0831BCN 

ADC0831CCJ 

ADC0831CCN 

ADC0832BCJ 

ADC0832BCN 

ADC0832CCJ 

ADC0832CCN 

ADC0833BCJ 

ADC0833BCN 

ADC0833CCJ 

ADC0833CCN 

ADC0834BCJ 

ADC0834BCN 

ADC0834CCJ 

ADC0834CCN 

ADC0838BCJ 

ADC0838BCN 

ADC0838BCV 

ADC0838CCJ 

ADC0838CCN 

ADC0838CCV 

ADC08061BCN 

ADC08061BCV 

ADC08061 BCWM 

ADC08061BCJ 

ADC08061 BMJ 

ADC08061CCN 

ADC08061CCV 

ADC08061CCWM 

ADC08061CCJ 

ADC08061CMJ 

ADC08061BIN 

ADC08061BIV 

ADC08061BIWM 

ADC08061 BIJ 

ADC08061CIN 

ADC08061CIV 

ADC08061CIWM 

ADC08061CIJ 

ADC08064BCN 

ADC08064BCV 

ADC08064BCWM 

ADC08064BCJ 



Note 1. 100% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 

Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 



Micro Linear 
Direct Replacement 1 



ML2281BIJ 

ML2281BCP 

ML2281CIJ 

ML2281CCP 

ML2282BIJ 

ML2282BCP 

ML2282CIJ 

ML2282CCP 

ML2283BIJ 

ML2283BCP 

ML2283CIJ 

ML2283CCP 

ML2284BIJ 

ML2284BCP 

ML2284CIJ 

ML2284CCP 

ML2288BIJ 

ML2288BCP 

ML2288BCQ 

ML2288CIJ 

ML2288CCP 

ML2288CCQ 

ML2261 BCP 

ML2261 BCQ 

ML2261BCS 

ML2261 BCJ 

ML2261BMJ 

ML2261CCP 

ML2261CCQ 

ML2261CCS 

ML2261CCJ 

ML2261CMJ 

ML2261BIP 

ML2261BIQ 

ML2261BIS 

ML2261BIJ 

ML2261CIP 

ML2261CIQ 

ML2261CIS 

ML2261CIJ 

ML2264BCP 

ML2264BCQ 

ML2264BCS 

ML2264BCJ 
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Cross Reference Guide 



National Semiconductor 



Silicon Systems, Inc. 



National Semiconductor 
Part Number 



ADC08064BMJ 

ADC08064CCN 

ADC08064CCV 

ADC08064CCWM 

ADC08064CCJ 

ADC08064CMJ 

ADC08064BIN 

ADC08064BIV 

ADC08064BIWM 

ADC08064BIJ 

ADC08064CIN 

ADC1061 

ADC08064CIV 

ADC08064CIWM 

ADC08064CIJ 

ADC1061CIJ 

ADC1061CIN 

ADC1061CIWM 

ADC1061CMJ 

DP5016QC 

DP5016RQC 

DP5018QC 

DP5018RQC 

HA501 6QC 

HA5016RQC 

IIA5018QC 

^A5018RQC 

DP8464BN-3 

DP8464BV-3 

DP8464BN-2 

DP8464BV-2 

DP8464BN-2 

DP8464BN-3 

DP8464BV-2 

DP8464BV-3 

DP8468BTP-3 

DP8468BTP-2 

LMF100CCN 

LMF100CCWM 

MF10AJ 

MF10ACN 

MF10CCJ 

MF10CCWM 

MF10CCN 



Micro Linear 
Direct Replacement 1 



ML2264BMJ 

ML2264CCP 

ML2264CCQ 

ML2264CCS 

ML2264CCJ 

ML2264CMJ 

ML2264BIP 

ML2264BIQ 

ML2264BIS 

ML2264BIJ 

ML2264CIP 

ML2271 

ML2264CIQ 

ML2264CIS 

ML2264CIJ 

ML2271CIJ 

ML2271CCP3 

ML2271CCS3 

ML2271CMJ 

ML501-6CQ 

ML501 R-6CQ 

ML501-8CQ 

ML501 R-8CQ 

ML501-6CQ 

ML501 R-6CQ 

ML501-8CQ 

ML501 R-8CQ 

ML8464B-3CP2 

ML8464B-3CQ2 

ML8464B-2CP2 

ML8464B-2CQ2 

ML8464B-2CP2 

ML8464B-3CP2 

ML8464B-2CQ2 

ML8464B-3CQ2 

ML4568-3CQ2 

ML4568-2CQ2 

ML2111CCP 

ML2111CCS 

ML2110CMJ2 

ML2110BCP2 

ML2110CIJ2 

ML2110CCS2 

ML2110CCP2 



Silicon Systems, Inc. 
Part Number 



SSI32P541-CH 

SSI32P541-P 

SSI32P541A-CH 

SSI32P541A-P 

SSI32P541B-CH 

SSI 32P541 B-P 

SSI32R4610A 

SSI 32R2020R 

SSI 32R2024R 

SSI 32R2030A 

SSI32R2201R 

SSI 32R2300R 

SSI32R2310R 

SSI 32R2300R 

SSI32R2310R 

SSI32R501R-6H 

SSI 32R501 R-8F 

SSI32R501R-8H 

SSI 32R501 R-8P 

SSI32R501-6H 

SSI32R501-8F 

SSI32R501-8H 

SSI32R501-8P 

SSI32R511R-4S 

SSI32R511R-6H 

SSI32R511R-6P 

SSI32R511R-6S 

SSI32R511R-8H 

SSI32R511R-8P 

SSI32R511R-8S 

SSI 32R511-4S 

SSI 32R511-6H 

SSI 32R511-6P 

SSI 32R511-6S 

SSI 32R511-8H 

SSI32R511-8P 

SSI 32R511-8S 



Micro Linear 
Direct Replacement 1 



ML541CQ 

ML541CP 

ML4042CQ 

ML4042CP 

ML4042CQ 

ML4042CP 

ML6320CS-5 

ML6320CS-5 

ML6320CS-5 

ML6320CS-5 

ML6320CS-5 

ML6320CS-5 

ML6320CS-5 

ML6320CR-3 

ML6320CR-3 

ML501 R-6CQ 

ML501 R-8CF 

ML501 R-8CQ 

ML501 R-8CP 

ML501-6CQ 

ML501-8CF 

ML501-8CQ 

ML501-8CP 

ML511R-4CS 

ML511R-6CQ 

ML511R-6CP 

ML511R-6CS 

ML511R-8CQ 

ML511R-8CP 

ML511R-8CS 

ML511-4CS 

ML511-6CQ 

ML511-6CP 

ML511-6CS 

ML511-8CQ 

ML511-8CP 

ML511-8CS 



Note 1 . 1 00% pin-for-pin compatible with improved electrical specifications. 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 

Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 
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Cross Reference Guide 



Texas Instruments 




VTC 




Texas Instruments 


Micro Linear 


VTC 


Micro Linear 


Part Number 


Direct Replacement 1 


Part Number 


Direct Replacement 1 


ADC0808MJ 


ML2258BMJ 


VM117-2DK 


ML117-2CJ 


ADC0808FN 


ML2258BCQ 


VM117-2PK 


ML1 1 7-2CP 


ADC0808N 


ML2258BIP 


VM117-4FK 


ML117-4CF 


ADC0809FN 


ML2258CCQ 


VM1 1 7-4PK 


ML1 1 7-4CP 


ADC0809N 


ML2258CIP 


VM117-4DK 


ML117-4CJ 


TLC0820ACN 


ML2261CCP 


VM117-6PK 


ML117-6CP 


TLC0820ACFN 


ML2261CCQ 


VM117-6DK 


ML1 1 7-6CJ 


TLC0820BCN 


ML2261BCP 


VM117-6PK 


ML1 1 7-6CP 


TLC0820BCFN 


ML2261BCQ 


VM117-6PLK 


ML117-6CQ 


ADC0831ACP 


ML2281CCP 


VM117R-2DK 


ML1 1 7R-2CJ 


ADC0831AIP 


ML2281CIJ3 


VM117R-2PK 


ML117R-2CP 


ADC0831BCP 


ML2281BCP 


VM117R-4FK 


ML1 1 7R-4CF 


ADC0831BIP 


ML2281BIJ3 


VM117R-4PK 


ML1 1 7R-4CP 


ADC0832ACP 


ML2282CCP 


VM117R-4DK 


ML1 1 7R-4CJ 


ADC0832AIP 


ML2282CIJ3 


VM117R-6DK 


ML1 1 7R-6CJ 


ADC0832BCP 


ML2282BCP 


VM117R-6PK 


ML117R-6CP 


ADC0832BIP 


ML2282BIJ3 


VM1 1 7-6PLK 


ML117R-6CQ 


ADC0834ACN 


ML2284CCP 


VM217-6PK 


ML501-6CP 


ADC0834AIN 


ML2284CIJ3 


VM217-6PLK 


ML501-6CQ 


ADC0834BCN 


ML2284BCP 


VM217-8PK 


ML501-8CP 


ADC0834BIN 


ML2284BIJ3 


VM217-8PLK 


ML501-8CQ 


ADC0838ACN 


ML2288CCP 


VM7204 


ML6320CR-5 


ADC0838AIN 


ML2288CIJ3 


VM720H4 


ML6320CR-5 


ADC0838CCN 


ML2288BCP 


VM720L4 


ML6320CR-5 


ADC0838BIN 


ML2288BIJ3 


VM3204 


ML6320CR-3 






VM320H4 


ML6320CR-3 






VM320L4 


ML6320CR-3 


Unitrode 






Unitrode 


Micro Linear 






Part Number 


Direct Replacement 1 






UC1823J 


ML4823MJ 




UC1825J 


ML4825MJ 






UC2823N 


ML4823IP 






UC2823Q 


ML4823IQ 






UC2825N 


ML4825IP 






UC2825Q 


ML4825IQ 






UC3823N 


ML4823IP 






UC3823Q 


ML4823CQ 






UC3825N 


ML4825IP 






UC3825Q 


ML4825CQ 







Note 1. 100% pin-for-pin compatible with improved electrical specifications 

Note 2. Consult data sheet for electrical specifications that may vary from limit or conditions of alternate source. 

Note 3. Alternate source ships -40°C to +85°C product as molded; Micro Linear does this on a customer need basis. 
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MgL Micro Linear 



Alpha Numeric Index 



PAGE 

ML1 17 2, 4, or 6-Channel Read/Write Circuits 5-5 

ML1 1 7R 2, 4, or 6-Channel Read/Write Circuits 5-5 

ML501 6, 7, or 8-Channel Read/Write Circuits 5-1 3 

ML501 R 6, 7, or 8- Channel Read/Write Circuits 5-1 3 

ML502 6, 7, or 8-Channel Read/Write Circuits 5-1 3 

ML502R 6, 7, or 8-Channel Read/Write Circuits 5-13 

ML502S 6, 7, or 8-Channel Read/Write Circuits 5-1 3 

ML51 1 4, 6, 7, or 8-Channel Read /Write Circuits 5-21 

ML51 1 R 4, 6, 7, or 8-Channel Read/Write Circuits 5-21 

ML541 Read Data Processor 5-29 

ML1 825 High Frequency Power Supply Controller 7-5 

ML2004 Logarithmic Gain/Attenuator 3-3 

ML2008 nP Compatible Logarithmic Gain/Attenuator 3-1 4 

ML2009 uP Compatible Logarithmic Gain/Attenuator 3-1 4 

ML2020 Telephone Line Equalizer 3-23 

ML2021 Telephone Line Equalizer 3-34 

ML2031 Tone Detector 3-45 

ML2032 Tone Detector 3-45 

ML2035 Programmable Sinewave Generator 3-53 

ML2036 Programmable Sinewave Generator 3-53 

ML2110 Universal Dual Filter 3-65 

ML21 1 1 Universal Hi-Frequency Dual Filter 3-84 

ML2200 1 2-Bit + Sign Data Acquisition Peripheral 2-3 

ML2208 1 2-Bit + Sign Data Acquistiion Peripheral 2-3 

ML2221 Serial Peripheral Interface 1 2-Bit Plus Sign A/D Converter with Sample & Hold 2-31 

ML2223 Asynchronous Serial Interface 1 2-Bit Plus Sign A/D Converter with Sample & Hold 2-45 

ML2223EVAL 1 2-Bit A/D Converter with PC Compatible Serial Interface Evaluation Kit 2-53 

ML2230 U.P Compatible 1 2-Bit Plus Sign A/D Converter with Sample and Hold 2-54 

ML2233 uP Compatible 1 2-Bit Plus Sign A/D Converter with Sample and Hold 2-70 

ML2252 uP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer 2-86 

ML2258 uP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 2-97 

ML2259 uP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer 2-86 

ML2261 uP Compatible High Speed 8-Bit A/D Converter with T/H (S/H) 2-1 08 

ML2264 4-Channel High Speed 8-Bit A/D Converter with T/H (S/H) 2-1 23 

ML2271 uP Compatible High Speed 1 0-Bit A/D Converter with S/H 2-1 39 

ML2280 Serial I/O 8-Bit A/D Converters 2-1 51 

ML2281 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-1 69 

ML2282 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-1 69 

ML2283 Serial I/O 8-Bit A/D Converters 2-1 51 

ML2284 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-1 69 

ML2288 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-1 69 

ML2330 Selectable Dual 3V/3.3V/5V 8-Bit D/A Converters 2-1 89 

ML2340 Single Supply Programmable 8-Bit D/A Converters 2-195 

ML2341 Single Supply, Programmable 8-Bit D/A Converters 2-206 

ML2350 Single Supply Programmable 8-Bit D/A Converters 2-195 

ML2351 Single Supply, Programmable 8-Bit D/A Converters 2-206 

ML2375 DSP Analog I/O Peripheral 2-218 

ML2377 DSP Analog I/O Peripheral 2-21 8 

ML2003 Logarithmic Gain/Attenuator 3-3 

ML2652 10BASE-T Physical Interface Chip 4-3 

ML2653 1 0BASE-T Physical Interface Chip 4-3 
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Alpha Numeric Index 



PAGE 

ML2653EVAL 1 0BASE-T Transceiver Evaluation Kit 4-23 

ML4041 Read Data Processor 5-39 

ML4042 Read Data Processor 5-39 

ML4401 Servo Demodulator .' 5-50 

ML4402 Servo Driver 5-56 

ML4403 Servo Controller 5-61 

ML4404 Trajectory Generator 5-71 

ML4406 Disk Voice Coil Servo Driver 5-82 

ML4407 Disk Voice Coil Servo Driver 5-82 

ML4408 Low Voltage Drop Voice Coil Servo Driver 5-88 

ML4410 Sensorless Spindle Motor Controller 5-95 

ML441 1 Sensorless Spindle Motor Controller 5-106 

ML4412 Enhanced Sensorless BLDC Motor Controller 5-119 

ML4413 Servo Controller 5-61 

ML4415 15-Channel Read/Write Circuit 5-132 

ML4415R 15-Channel Read/Write Circuit ._ 5-132 

ML4416 14-Channel Read/Write Circuit with CS 5-132 

ML4416R 14-Channel Read/Write Circuit with CS . 5-132 

ML441 7 Zoned Bit Recording Circuit 5-140 

ML4418 Low Saturation Voice Coil Servo Driver 5-150 

ML4420 Enhanced Sensorless BLDC Motor Controller 5-1 57 

ML4425 Sensorless BLDC PWM Motor Controller 5-1 70 

ML4426 Sensorless BLDC PWM Motor Controller with Reverse 5-1 70 

ML4427 Zoned Bit Recording Circuit 5-140 

ML4431 Servo Demodulator 5-186 

ML4451 2-Channel Preamplifier for Tape Drives 5-1 94 

ML4452 MR Head Preamplifier for Tape Drives 2-CH Read and 1 -CH Write with Readback 5-202 

ML4452 MR Head Preamplifier for Tape Drives 2-CH Read and 1 -CH Write with Readback 5-202 

ML4506 5V Disk Voice Coil Servo Driver 5-207 

ML4508 Low Voltage Drop Voice Coil Servo Driver 5-214 

ML4510 5V Sensorless Spindle Motor Controller 5-221 

ML4532 Servo Burst Area Detector with PWM 5-230 

ML4533 Servo Burst Area Detector without PWM 5-230 

ML4534 Area Detector Based Embedded Servo Demodulator , 5-241 

ML4535 Area Detection Based Hybrid Servo Demodulator 5-248 

ML4536 Servo Burst Area Detector without PWM DAC 5-230 

ML4568 Disk Pulse Detector + Embedded Servo Detector 5-261 

ML4610R 5V, 2-, 4-Channei Thin-Film Read/Write Circuit 5-269 

ML4611R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit 5-269 

ML4621 Fiber Optic Data Quantizer 4-24 

ML4622 FiberOptic Data Quantizer 4-30 

ML4624 Fiber Optic Data Quantizer 4-30 

ML4632 Fiber Optic LED Driver 4-38 

ML4642 AUI Multiplexer 4-44 

ML4644 4-Port AUI Multiplexer 4-58 

ML4652 10BASE-T Transceiver 4-69 

ML4654 1 0BASE-T Transceiver for Multi-Port Repeaters 4-85 

ML4658 1 0BASE-T Transceiver with Autopolarity 4-69 

ML4661 FOIRL Transceiver 4-86 

ML4662 10BASE-FL Transceiver. 4-87 

ML4662EVAL 10BASE-FL Evaluation Kit 4-99 

ML4663 Single Chip 10BASE-FL Transceiver 4-100 

ML4663EVAL 10BASE-FL Evaluation Kit 4-113 

ML4670 Multi-Protocol Physical Interface Device 4-114 

ML4761 Adjustable Output Low Voltage Boost Regulator 7-1 2 

ML4809 High Frequency Current Mode PWM Controller 7-20 

ML4810 High Frequency Current Mode PWM Controller 7-31 

ML481 1 High Frequency Current Mode PWM Controller t 7-31 
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PAGE 

ML4812 Power Factor Controller 7-39 

ML481 2EVAL Power Factor Controller Evaluation Kit 7-53 

ML481 3 Flyback Power Factor Controller 7-54 

ML481 5 Zero Voltage Switching Resonant Controller 7-66 

ML481 6 High Frequency Multi-Mode Resonant Controller 7-79 

ML481 7 High Frequency Single Ended PWM Controller 7-93 

ML4818 Phase Modulation/Soft Switching Controller 7-101 

ML481 8EVAL Phase Modulation Controller Evaluation Kit 7-1 1 2 

ML4819 Power Factor and PWM Controller "Combo" 7-113 

ML4821 Power Factor Controller 7-127 

ML4821 EVAL Average Current PFC Controller Evaluation Kit 7-1 35 

ML4823 High Frequency Current Mode PWM Controller 7-1 36 

ML4824 Power Factor and PWM Combo 7-143 

ML4825 High Frequency Current Mode PWM Controller 7-1 53 

ML4826 Power Factor and Dual PWM Combo 7-1 60 

ML4828 BiCMOS Phase Modulation/Soft Switching Controller 7-1 65 

ML4830 Electronic Ballast Controller 7-1 73 

ML4831 1 20V AC Dimmable Electronic Ballast 7-1 86 

ML4831 EVAL 1 20VAC Dimmable Electronic Ballast Evaluation Kit 7-1 99 

ML4851 Low Current, Low Voltage Boost Regulator 7-200 

ML4861 Low Voltage Boost Regulator 7-202 

ML4861 EVAL Low Voltage Boost Regulator Evaluation Kit 7-21 3 

ML4862 Battery Power Controller IC 7-214 

ML4862EVAL Battery Power Controller Evaluation Kit 7-224 

ML4863 High Efficiency Battery Pack Converter 7-225 

ML4864 LCD Backlight Lamp Driver with Contrast 7-232 

ML4864EVAL LCD Backlight with Contrast Evaluation Kit 7-240 

ML4865 High Voltage, High Current Boost Regulator 7-241 

ML4866 3.3V Output DC-DC Step-Down Converter 7-243 

ML4868 High Frequency, Low Voltage Boost Regulator 7-244 

ML4871 High Current Boost Regulator 7-252 

ML4872 High Current Boost Regulator with Shutdown 7-254 

ML4873 Battery Power Control IC 7-256 

ML4873EVAL Battery Management IC Evaluation Kit 7-266 

ML4874 LCD Backlight Lamp Driver 7-268 

ML4874EVAL Differential Drive LCD Backlight Evaluation Kit 7-276 

ML4875 Low Voltage Boost Regulator with Shutdown 7-277 

ML4876 LCD Backlight Lamp Driver with Contrast 7-287 

ML4876EVAL Differential Drive LCD Backlight with Contrast Evaluation Kit 7-294 

ML4880 Portable PC and PCMCIA Power Controller 7-295 

ML4890 High Efficiency, Low Ripple Boost Regulator 7-297 

ML4890EVAL Low Ripple Boost Regulator Evaluation Kit 7-299 

ML4961 Adjustable Output Low Voltage Boost Regulator with Detect 7-300 

ML6005 24 Mbps Read Channel Filter/Equalizer 5-275 

ML6006 36 Mbps Read Channel Filter/Equalizer 5-285 

ML6010 Integrated Disk Read Channel Processor 5-295 

ML601 2 3.5" R/W MOD Read Channel Front-end Processor 5-303 

ML601 3 3.5" R/W MOD Read Channel Back-end Processor 5-31 7 

ML6024 1 6 Mbps Filter/Equalizer for Tape Drives 5-332 

ML6025 24 Mbps Read Channel Filter/Equalizer 5-334 

ML6026 36 Mbps Read Channel Filter/Equalizer 5-344 

ML6035 5V Spindle Motor Controller and Driver 5-354 

ML6042 Tape Drive Data Channel Processor 5-365 

ML631 3V/5V Read Channel Front-end Processor 5-369 

ML631 1 3V/5V Read Channel Back-end Processor 5-384 

ML6320 3V/5V 4-Channel Thin-Film Read/Write Circuit 5-400 

ML6500 Programmable Adaptive Clock Manager (PACMan™) 6-3 
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PAGE 

ML6500EVAL Programmable Adaptive Clock Manager (PACMan™) Evaluation Kit 6-1 8 

ML6508 Programmable Adaptive Clock Manager (PACMan™) 6-1 9 

ML6508EVAL Programmable Adaptive Clock Manager (PACMan™) Evaluation Kit 6-1 8 

ML6509 Active SCSI Terminator 6-34 

ML6509EVAL Active SCSI Terminator Evaluation Kit 6-44 

ML6510 Series Programmable Adaptive Clock Manager (PACMan™) 6-45 

ML6599 Hot-lnsertable Active SCSI Terminator 6-83 

ML6622 High-Speed Data Quantizer 4-1 1 5 

ML6633 High-Speed Fiber Optic LED Driver 4-1 20 

ML6633/22EVAL High-Speed Fiber Optic Evaluation Kit 4-1 24 

ML6671 FDDI TP-PMD Transceiver 4-125 

ML6671-22EVAL TP-PMD Transceiver Evaluation Kit 4-1 32 

ML6672 ATM UTP Transceiver 4-133 

ML6672-9EVAL 1 55 Mbps ATM Transceiver Evaluation Kit 4-1 40 

ML6673 FDDI TP-PMD Transceiver 4-141 

ML6682 Token Ring Physical Interface 4-143 

ML8464B Pulse Detector 5-406 

ML8464C Pulse Detector 5-406 

ML65244 High Speed Dual Quad Buffer/Line Driver 6-62 

ML65245 High Speed Octal Buffer Transceiver 6-68 

ML65541 High Speed Octal Buffer/Line Driver 6-77 
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A/D Converters, D/A Converters 



Section 2 



2-1 



Selection Guide. 
A/D Converters 

ML2200 1 2-Bit + Sign Data Acquisition Peripheral 2-3 

ML2208 1 2-Bit + Sign Data Acquistiion Peripheral 2-3 

ML2221 Serial Peripheral Interface 1 2-Bit Plus Sign A/D Converter 

with Sample & Hold 2-31 

ML2223 Asynchronous Serial Interface 1 2-Bit Plus Sign A/D Converter 

with Sample & Hold 2-45 

ML2223EVAL 1 2-Bit A/D Converter with PC Compatible Serial Interface 
Evaluation Kit . 

ML2230 



2-53 



uP Compatible 1 2-Bit Plus Sign A/D Converter with 

Sample and Hold 2-54 

ML2233 uP Compatible 1 2-Bit Plus Sign A/D Converter with 

Sample and Hold 2-70 

ML2252 uP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer 2-86 

ML2258 |iP Compatible 8-Bit A/D Converter with 8-Channel Multiplexer 2-97 

ML2259 |iP Compatible 8-Bit A/D Converters with 2- or 8-Channel Multiplexer 2-86 

ML2261 |iP Compatible High Speed 8-Bit A/D Converter with T/H (S/H) 2-1 08 

ML2264 4-Channel High Speed 8-Bit A/D Converter with T/H (S/H) 2-1 23 

ML2271 uP Compatible High Speed 1 0-Bit A/D Converter with S/H 2-1 39 

ML2280 Serial I/O 8-Bit A/D Converters 2-1 51 

ML2281 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-1 69 

ML2282 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-169 

ML2283 Serial I/O 8-Bit A/D Converters 2-151 

ML2284 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-169 

ML2288 Serial I/O 8-Bit A/D Converters with Multiplexer Options 2-169 

ML2375 DSP Analog I/O Peripheral 2-218 

ML2377 DSP Analog I/O Peripheral 2-218 

D/A Converters 

ML2330 Selectable Dual 3V/3.3V/5V 8-Bit D/A Converters 2-1 89 

ML2340 Single Supply Programmable 8-Bit D/A Converters 2-1 95 

ML2341 Single Supply, Programmable 8-Bit D/A Converters 2-206 

ML2350 Single Supply Programmable 8-Bit D/A Converters 2-195 

ML2351 Single Supply, Programmable 8-Bit D/A Converters 2-206 

ML2375 DSP Analog I/O Peripheral 2-218 

ML2377 DSP Analog I/O Peripheral 2-218 
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Data Conversion A/D 



Selection Guide 



8-Bit A/D 



PART 
NUMBER 


CONV. 
TIME 


MAX 
FREQ 
OFV, N 


SAMPLE 
TIME 


INPUTS 

(MUX) 


NON 
LINEARITY 

(MAX) 


BUS 

INTERFACE, 

BITS 


SUPPLY 
VOLTAGE 


SUPPLY 
CURRENT 


PIN 
COUNT 


ALTERNATE 
SOURCES 


FEATURES 


ML2252 


6.6ns 


51 KHz 


0.39ns 


2 


±72, ±1 LSB 


Parallel 


5V 


3mA 


20 




Ratiometric output 


ML2258 


6.6ns 


51 KHz 


0.39ns 


8 


± 1 / 2 , ±1LSB 


Parallel 


5V 


3mA 


20 


ADC0808, 
ADC0809 


Superior alternative 
Superior alternative 


ML2259 


6.6ns 


51 KHz 


0.39ns 


8 


±1LSB 


Parallel 


5V 


3mA 


28 




Ratiometric output 


ML2261 


0.7ns 


500KHz 


o.30ns 


1 


± 1 /2, ±1 LSB 


Parallel 


5V 


15.5mA 


20 


AD7820, 
ADC0820, 
ADC08061 
TLC0820 


Superior alternative 
Superior alternative 


ML2264 


0.7ns 


500KHz 




4 


±72, ±1 LSB 


Parallel 


5V 


20mA 


24 


ADC08064 


T & H or S & H modes 


ML2280 


6.6ns 


51 KHz 


0.38ns 


1 


±72, ±1 LSB 


Serial 


5V 


2.5mA 


8 




No zero or full-scale 
adjustment required 


ML2281 


6.6ns 


51 KHz 


0.38ns 


1 


±72, ±1 LSB 


Serial 


5V 


2.5mA 


8 


ADC0831 


Superior alternative 


ML2282 


6.6ns 


51 KHz 


0.38ns 


2 


±72, ±1 LSB 


Serial 


5V 


3.5mA 


8 


ADC0832 


Superior alternative 


ML2283 


6.6ja.s 


51 KHz 


0.38ns 


4 


±72, ±1 LSB 


Serial 


5V 


2.5mA 


14 


ADC0833 


Superior alternative 


ML2284 


6.6ns 


51 KHz 


0.38.ns 


4 


±72, ±1 LSB 


Serial 


5V 


2.5mA 


14 


ADC0834 


Superior alternative 


ML2288 


6.6|xs 


51 KHz 


0.38.ns 


8 


±72, ±1 LSB 


Serial 


5V 


2.5mA 


20 


ADC0830 


Superior alternative 



10-Bit A/D 



PART 
NUMBER 


CONV. 
TIME 


MAX 
FREQ 
OFV IN 


SAMPLE 
TIME 


INPUTS 

(MUX) 


NON 
LINEARITY 

(MAX) 


BUS 

INTERFACE, 

BITS 


SUPPLY 
VOLTAGE 


SUPPLY 
CURRENT 


PIN 
COUNT 


ALTERNATE 
SOURCES 


FEATURES 


ML2271 


1.5ns 


150KHz 




1 


±72, ±1 LSB 


Parallel 


5V 


35mA 


20 


ADC1061 


Latched 3-state output 


ML2375 


2ns 






4 


±1to±1LSB 


Parallel 


5 V, 12V 


11mA 


28 




Two channel 
simultaneous S & H 


ML2377 


2ns 






6 


±1to±1LSB 


Parallel 


5 V, 12V 


11mA 


44 




Two channel 
simultaneous S & H 



12-Bit A/D + 


Sign 




















PART 
NUMBER 


CONV. 
TIME 


MAX 
FREQ 
OFV| N 


SAMPLE 
TIME 


INPUTS 

(MUX) 


NON 
LINEARITY 

(MAX) 


BUS 

INTERFACE, 

BITS 


SUPPLY 
VOLTAGE 


SUPPLY 
CURRENT 


PIN 
COUNT 


ALTERNATE 
SOURCES 


FEATURES 


ML2200 


31.5ns 


12KHz 


2.3ns 


4 


± 3 A,±1LSB 


Parallel 


±5V 


50mA 


40 




Differential inputs. 
16 bit timer & clock. 
Limit alarm. 


ML2208 


31.5ns 


12KHz 


2.3ns 


8 


± 3 A,±1LSB 


Parallel 


±5V 


50mA 


40 




16 bit timer & clock. 
Limit alarm. 


ML2221 


44ns 


8.5KHz 


3.2ns 


1 


± 3 A,±1LSB 


Serial 


±5V 


50mA 


16,20 




4-wire interface to nP 


ML2223 


44ns 


8.5KHz 


3.2ns 


1 


±74, ±1 LSB 


Serial 


±5V 


50mA 


16,20 




Async. RS 232 interface 


ML2230 


31.5ns 


12KHz 


2.3ns 


1 


±74, ±1 LSB 


Parallel 


±5V 


50mA 


24 




Outputs two 8-bit bytes 


ML2233 


31.5ns 


12KHz 


2.3ns 


1 


±74, ±1 LSB 


Parallel 


±5V 


50mA 


28 




Self calibrating. 
Differential Inputs. 
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Data Conversion D/A 



Selection Guide 



8-Bit D/A 



8-BIT 
D/A 


SETTLING 
TIME 


SET-UP 
TIME 


OUTPUT 
CURRENT 


OUTPUT 
VOLTAGE 


NON 
LINEARITY 

(MAX) 


BUS 

INTERFACE, 

BITS 


SUPPLY 
VOLTAGE 


SUPPLY 
CURRENT 


PIN 
COUNT 


FEATURES 


ML2330 


10us 


1.3ns 


2mA 


20mV-4V 
20mV-2V 


±1 LSB 


Serial 


3V, 
3.3V, 5V 


4mA 


8 


Dual DAC. Low power. 


ML2340 


5us 


45ns 


-10mA 
+10mA 


V CC 
- 0.05V 


± 1 /4,±72l_SB 


8,uP 


5V, ±5V 
12V 


9.3mA 


18 


Internal 2.50V reference. 
1 1 bit resolution. 
Programmable voltage 
gain: 74, 72, 1, 2 


ML2341 


5us 


50ns 


5mA 


Vcc 
-0.05V 


± 1 A / ± 1 /2LSB 


8, uP 


5V, ±5V 
12V 


5mA 


20 


Internal 2.50V reference. 
1 1 bit resolution. 
Programmable voltage 
gain: 74, 72,1,2 


ML2350 


5ms 


45ns 


5mA 


Vcc 
-0.05V 


± 1 /4,± 1 /2LSB 


8, uP 


5V, ±5V 
12V 


9.3mA 


18 


Internal 2.50V reference. 
1 1 bit resolution. 
Programmable voltage 
gain: 74, 72, 1, 2 


ML2351 


5|is 


50ns 


5mA 


Vcc 

-0.05V 


±74,172 LSB 


8, uP 


5V, ±5V 
12V 


5mA 


20 


Internal 2.50V reference. 
1 1 bit resolution. 
Programmable voltage 
gain: 74, 72,1,2 


ML2375 


2^s 


60ns 




Vcc 
-0.25V 


±74, ±72 LSB 


16, |llP 


5V 


11mA 


28 


16 bit timer & clock. 
Limit alarm. 


ML2377 


2fxs 


60ns 




Vcc 
-0.25V 


±74, ±72 LSB 


16, uP 


5V 


11mA 


44 


16 bit timer & clock. 
Limit alarm. 



10-Bit D/A 



8-BIT 
D/A 


SETTLING 
TIME 


SET-UP 
TIME 


OUTPUT 
CURRENT 


OUTPUT 
VOLTAGE 


NON 
LINEARITY 

(MAX) 


BUS 

INTERFACE, 

BITS 


SUPPLY 
VOLTAGE 


SUPPLY 
CURRENT 


PIN 
COUNT 


FEATURES 


ML2375 


2us 


60ns 




Vcc 

-0.25V 


±74, ±72 LSB 


16, uP 


5V 


11mA 


28 


16 bit timer & clock. 
Limit alarm. 


ML2377 


2|LIS 


60ns 




Vcc 
-0.25V 


±74, ±72 LSB 


16, uP 


5V 


11mA 


44 


16 bit timer & clock. 
Limit alarm. 
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ML2200, ML2208 



12-Bit Plus Sign Data Acquisition Peripheral 



GENERAL DESCRIPTION 

The ML2200 and ML2208 Data Acquisition Peripherals 
(DAP) are monolithic CMOS data acquisition subsystems. 
These data acquisition peripherals feature an input 
multiplexer, a programmable gain instrumentation 
amplifier, a 2.5V bandgap reference, and a 12-bit plus 
sign A/D converter with built-in sample-and-hold. In 
addition to a general purpose 8-bit microprocessor 
interface, the ML2200 and ML2208 include a 
programmable processor, data buffering, a 16-bit timer, 
and limit alarms. 

The ML2200B and ML2208B self-calibrating algorithmic 
A/D converters have a maximum non-linearity error over 
temperature of 0.01 8% of full-scale, while the ML2200C, 
ML2200D, ML2208C, and ML2208D have a maximum 
non-linearity error over temperature of 0.024%. 

The ML2200 has a four channel differential input 
multiplexer and the ML2208 has an eight channel single 
ended input multiplexer. 

The digital interface, with software-alterable configurations, 
is designed to off-load the microprocessor. Control of the 
DAP is autonomously handled through the control 
sequencer which receives its instructions from the 
instruction RAM. 



FEATURES 



12-bits + sign 



■ Resolution 

■ Conversion time 

(including S/H acquisition) 31 .5jxs max 

■ Sample-and-hold acquisition 2.3|is max 

■ Non-linearity error ±3/4 LSB and ±1 LSB max 

■ Low harmonic distortion 0.01 % 

■ No missing codes 

■ Self-calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand 1 7 V I beyond supplies 

■ Internal voltage reference 2.5V ± 2% 

■ Four differential or eight single-ended input channels 

■ Data buffering (8 word data RAM) 

■ Programmable limit alarm 

■ 8-Bit microprocessor interface — interrupt, DMA, 
or polling 

■ 1 6-Bit timer for programmable conversion rates 

■ Standard hermetic 40-pin DIP 



BLOCK DIAGRAM 
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Vref Vjemp 

OUT OUT 
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8-CHANNEL 
MULTIPLEXER 
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WITH 

SAMPLE & HOLD FUNCTION 




Vref 




DATA 
I/O 
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CH3 O— 




INST>vr" 
AMP/^ 
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RAM 
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k 1 


J 








i rr 
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1 
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- CONTROL 

SEQUENCER 


< 


1 




INSTRUCTION 
RAM 


A 


k 


HP 

CONTROL 

AND 

TIMING 


— O INT/INT 
— ODBR 


SYNC-«-> 




> 


( 




\ 


# 






\ V 












<> 








— O A0 
-OA1 




16-BIT TIMER 
& CLOCK 




LIMIT 
ALARMS 
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— OALE 


A A 

DVcc DGND (2) 


i 4 

CLK EXT TIN 


1ER 




A A 

Pdn RESET 


— OWR 
— ORD 
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ML2200 BLOCK DIAGRAM 



+CH0 I 
-CHO ( 
+CH1 < 
-CH1 ( 
+CH2 < 
-CH2 O- 
+CH3 < 
-CH3 ( 



4-CHANNEL 
MULTIPLEXER 



IS 



ADDRESS & 
CONTROL 
SEQUENCER 



A A 



DVcc 



AVcc 



Vref Vtemp 

OUT OUT Vss 

? 



12-BIT PLUS SIGN A/D 

WITH 

SAMPLE & HOLD FUNCTION 



i_l 



Vref 



} 



DATA 
RAM 



I 



nrn 



16-BIT TIMER 
& CLOCK 



I I 



LIMIT 
ALARMS 



At 
V 



L — K »? 

> DAT 

r rV '/o 



INSTRUCTION 
RAM 



PDN 



/^ 



A A 



DATA 
I/O 



HP 

CONTROL 

AND 

TIMING 



>D0 
>D1 
>D2 
>D3 
)D4 
)D5 
>D6 
>D7 



> INT/INT 

)DBR 

JAO 

>A1 

>A2 

)ALE 

>WR 

)RD 

>CS 



BLOCK SCHEMATIC DIAGRAM 




SECONDARY REGISTERS 

(ACCESS BY USE OF 

REG. POINTER) 



PRIMARY REGISTERS 
(DIRECTLY ACCESSIBLE) 



Figure 1 . Block Schematic Diagram. 
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PIN DESCRIPTION 



PIN# 


NAME 


FUNCTION 


1 


AGND 


Analog Ground. 


2 


V TEMP 


Voltage output proportional to 
the die temperature. 


3 


Vref 


Internal voltage reference output 


4-11 


CH 


Analog Inputs. 

ML2200 — Positive or negative 

input of four differential inputs 

ML2208 — Eight single ended 

inputs referenced to common 

pin. Digitally selected by control 

sequencer. 


12 


NC 
COM 


ML2200 — No connection. 
ML2208 — Negative common 



PIN# 



NAME 



FUNCTION 



13 v ss 



input for the eight input channels. 
Tie to analog ground or 
(V ss +2.5)to(AV cc - 2.5 V) 

Negative power supply; 
decouple to AGND. 



14 


Pdn 


Power-Down Input When Pqn = 
0, device in power-down mode 
with register contents retained if 
AV CC >2.0V 


15 


NC 


No Connection. 


16-19 


D7, D6, 
D5, D4 


Bidirectional data bits. 


20 


DGND 


Digital Ground. 


21 


DV CC 


Digital power supply. Tie to 

AV CC 

from same power supply. 


22-25 


D3, D2, 
D1,D0 


Bidirectional data bits. 



26 SYNC In the slave mode, SYNC is a 

positive edge triggered input 
used to start a conversion. In 
master mode, SYNC is an output 
and indicates a conversion has 
occurred . 

27 INT Interrupt output. A maskable 

interrupt programmable to be 
active high or low or will default 
to active high. INT will not clear 
until acknowledged in halt 
mode; not affected by the run or 
halt state. INT = during reset 
and inactive during P DN . 



28 DBR Data Buffer Ready output active 

high indicates that a sequence of 
operations has completed and 
data is ready to transfer. DBR is 
not maskable. It can be used to 
generate an interrupt in addition 
to the INT pin when the DBRIE 
bit in the interrupt mask register 
has not been enabled. DBR is the 
DMA request pin when DMA 
mode is enabled. DBR is not 
active unless in run mode and at 
least one sequence of operations 
has been completed. DBR 
remains active in the halt mode if 
not acknowledged; low during 
reset time and power-down. 

29 DGND Digital Ground. 

30 CLK Clock input. Drive with an 

external clock or crystal reference 
to DGND. The crystal must be 
parallel resonant with minimum 
capacitive loading (i.e., No 
bypass caps should be used and 
leads should be kept short). 

31 RESET Active low hardware reset with 

internal pull up resistor of 200K. 
Tie to system reset line or to 
grounded capacitor. The capacitor 
size (usually >6jiF) is based on the 
time the power supplies stabilize, 
to the time reset voltage reaches 
1 .4V (>400ms). 

32 Tclk External timer, Tclk ' s use d as 

external clock input for the 1 6- 
bit timer when the Tclk D 't in the 
control register is set to one. 

33 ALE Address latch enable, active low 

latches information on A0, A1 , 
A2 and CS. Tie to AV CC to 
disable use when separate 
address and data bus are used. 

34 A2 Address 2 

35 A1 Address 1 

36 A0 Address 

37 CS Chip select, active low 

38 RD Read, active low enables ML2200 

or ML2208 to drive data bus. 

39 WR Write, active low allows writing 

into the registers. 

40 A Vcc Positive analog Power supply. 

Decouple to AGND. Tie to DV CC 
from same power supply 
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PIN CONNECTIONS 



ML2200 



ML2208 
40-PIN DIP 



agnd[ 


1 ^ 40 


] 


AVcc 


Vtemp L 


2 


39 


] 


WR 


Vref[ 


3 


38 


] 


RD 


CHO+ [ 


4 


37 


] 


CS 


CH0-[ 


5 


36 


] 


A0 


CH1+ [ 


6 


35 


] 


A1 


CH1-[ 




34 


] 


A2 


CH2+ [ 


8 


33 


] 


ALE 


CH2-[ 


9 


32 


1 


TCLK 


CH3+ [ 


10 


31 


3 


RESET 


CH3-[ 


11 


30 


] 


CLK 


NC[ 


12 


29 


] 


DGND 


Vss[ 


13 


28 


] 


DBR 


PDN [ 


14 


27 


] 


INT/fNT 


NC[ 


15 


26 


] 


SYNC 


D7[ 


16 


25 


] 


DO 


D6[ 


17 


24 


] 


D1 


■»[ 


18 


24 


] 


D2 


D4 [ 


19 


22 


] 


D3 


DGND [ 


20 


21 


] 


DVcc 



AGND [ 


1 40 


] 


AVcc 


Vtemp |_ 


2 


39 


] 


WR 


Vref[ 


3 


38 


] 


RD 


CHO [ 


4 


37 


] 


CS 


CH1 [ 


5 


36 


] 


AO 


CH2 [ 


6 


35 


] 


A1 


CH3 [ 




34 


] 


A2 


CH4[ 


8 


33 


] 


ALE 


CH5 [ 


9 


32 


] 


TcLK 


CH6[ 


10 


31 


] 


RESET 


CH7 [ 


11 


30 


] 


CLK 


com[ 


12 


29 


] 


DGND 


Vss[ 


13 


28 


] 


DBR 


Pdn[ 


14 


27 


] 


INT/INT 


NC[ 


15 


26 


] 


SYNC 


D7 [ 


16 


25 


] 


DO 


D6 [ 


17 


24 


] 


D1 


D5[ 


18 


24 


] 


D2 


D4 [ 


19 


22 


] 


D3 


DGND [ 


20 


21 


] 


DVcc 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltages (AV C c and DV C c) 6.0V 

Negative Supply Voltage (V ss ) - 6.0V 

Voltage at Analog Inputs V$s - 7V to AVcc +7V 

Voltage at V RE F V ss - 7V to AV CC +7V 

Input Current per Digital Pin ±10mA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range - 65°C to +1 50°C 

Package Dissipation @ 25° C 1 W 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 



OPERATING CONDITIONS 

(Note 2) 

Temperature Range T MIN < T A < T MAX 

ML2200BCP, ML2200CCP, ML2200DCP 0°C to 70°C 

ML2208BCP, ML2208CCP, ML2208DCP 0°C to 70°C 

Supply Voltage (AV C c and DV C c) 4.5V DC to 6.0V DC 

Negative Supply Voltage (Vss) -4-5V DC to -6.0V DC 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for AV CC = DVcc = 
OV, Ta = Tmin to Tmax unless otherwise specified. Q : 



+5V ± 5%, V ss = -5V ± 5%, AGND = DGND = COM = CHX- = 
= 100pF for D0-D7, C L = 50pF for INT, DBR, and SYNC. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



Converter Characteristics 





Linearity Error 
ML2200BCP, ML2208BCP 
ML2200CCP, ML2208CCP 
ML2200DCP, ML2208DCP 


4 


fcCLK = 0.1 < 7MHz 
fcCLK = 0.1 < 7MHz 
folK = 0.1 < 5MHz 






±3/4 
±1 
±1 


LSB 
LSB 
LSB 




Unadjusted Zero Error 
ML2200BCP, ML2208BCP 
ML2200CCP, ML2208CCP 
ML2200DCP, ML2208DCP 


4 








±3/4 
±2 
±2 


LSB 
LSB 
LSB 




Unadjusted Positive and 
Negative Full Scale Error 


5 








±4 


LSB 




Zero Error Temperature Coefficient 








0.5 




ppm/°C 




Gain Temperature Coefficient 




External Reference 




3 




ppm/°C 




Common-Mode Rejection 


13 






80 




dB 




Analog Input Range 


5 


All Analog Inputs 


V SS -0.05 




AVcc + 0.05 


V 




External Source Resistance 
for Analog Inputs 


5 


Channel = Analog Input 
Channel = Voltage Reference 






2 
0.5 


ka 




Differential Analog Input Range 




CHX referred to COM 

for ML2208 

CHX+ referred to CHX- for 

ML2200 


-Vref 




+Vref 


V 




Off Channel Leakage Current 


5,6 


On Chan = 2.5V, 
Off Chan = -2.5V 
On Chan =-2.5V 
OffChan = 2.5V 


-100 




+100 


nA 




On Channel Leakage Current 


5,6 


On Chan = -2.5V, 
Off Chan = 2.5V 
On Chan = 2.5V 
Off Chan = -2.5V 


-100 




+100 


nA 




Gain Error 




Gain = 2, 4, or 8 




0.03 




% 



Voltage Reference and Vjemp Characteristics 





Vref Absolute Value 


4 


Referred to AGND 


2.45 




2.55 


V 




Vref Output Pin 
















Output Resistance 


5 








300 


mQ 




Minimum Load Resistance 


5 




1 






kO 




Maximum Load Resistance 


5 








50 


PF 




Temperature Coefficient 








50 




ppmAC 




Line Regulation 




4.75 <AV CC < 5.25 
-4.75 > V ss > -5.25 




1 
1 




mV 
mV 




Load Regulation 




IllA- 2.5mA 




1 




mV 




Output Noise 








100 




^Vrms 




Vjemp Output Pin 








AVcc-1-5 








Absolute Value @ 25°C 
















Volts per °C 








5 




mV/°C 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AV C c = DV CC = +5V ± 5%, V ss = -5V ± 5%, AGND = 
OV, Ta = T M | N to T MAX unless otherwise specified. C|_ = 100pF for D0-D7, Q = 50pF for INT, 



DGND = COM = CHX- 
DBR, and SYNC. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



DC Characteristics 





Power Supply Current 
Alec/ Analog AVcc 
Dice/ Digital DV CC 
Iss, v ss 


4 
12 

4 


RD = CS = V, H 




30 
10 
18 


50 
30 


mA 
uA 
mA 


ice 
Iss 


Standby Current Alec + Dice 

Standby Current 

Vccpd Minimum AVcc and 

DVcc for power-down data 

retention 


4,9 


P DN pin = GND 

P DN pin = GND 
V ss = -5.25 to GND 


2 


10 
10 


1000 
1000 


uA 
uA 

V 




Power Supply Rejection 
AVcc/DVcc 

Vss 


7 


DC 

DC to 25kHz, 200mV P _p 

DC 

DC to 25kHz, 200mVp_ P 




80 
50 
80 
50 




dB 
dB 
dB 
dB 


V|L 


Input Low Voltage (except CLK, tci_K) 


4 








0.8 


V 


V|L1 


Input Low Voltage (CLK, tcLK) 


4 








0.8 


V 


V| H 


Input High Voltage (except CLK, tci_K) 


4 




2.0 






V 


V|H1 


Input High Voltage (CLK, t a i<) 


4 




3.5 






V 


Vol 


Output Low Voltage 


4 


Iql = 2.0mA 






0.45 


V 


Voh 


Output High Voltage 


5 


Ioh = -1 mA 


4.0 






V 


"l 


Input Leakage Current 
(except CLK and RESET) 


4 


GND< V| N < V C c 






±10 


uA 


lu 


Input Leakage Current (CLK) 


4 


GND < V| N < V C c 






±200 


pA 


Ilo 


Output Leakage Current (DO - D7) 


4 


RD = CS = V, H 






±10 


uA 




RESET Pin Source Current 


4 




15 


50 


100 




•rst 


RESET = 0V 


uA 


Ci 


Input Capacitance (All Digital Inputs) 








10 




pF 


Co 


Output Capacitance (All 
Outputs and DO - D7) 








20 




pF 



AC Electrical Characteristics (Note 8) 



tc 


Conversion Time 


4,9 


CLK Mode = 


fdK = 7.0MHz 


31.5 






ps 




f CL K = 5.0MHz 


44.0 






ps 




Sample and Hold Acquisition 


4,9 


CLK Mode = 


fcLK = 7.0MHz 






2.3 


ps 




f CL K = 5.0MHz 






3.2 


Ms 


SNR 


Signal-to-Noise Ratio 




V= 10kHz, 2.5V Sine. 

fcLK = 7MHz (fsAMPLING = 

31 .8kHz). Noise is sum of all 
nonfundamental components 

upto1/2off S AMPLING- 




73 




dB 


THD 


Total Harmonic Distortion 




V= 10kHz, 2.5V Sine. 

fdK = 7MHz (fsAMPLING = 

31 .8kHz). THD is sum of 2, 
3, 4, 5 harmonics relative 
to fundamental. 




-75 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AV CC = DV CC = +5V ± 5%, V ss = -5V ± 5%, AGND = DGND = COM = CHX- = 
OV, T A = T M , N to T MAX unless otherwise specified. C L = 100pF for D0-D7, C L = 50pF for INT, DBR, and SYNC. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX UNITS 



AC Electrical Characteristics (Note 8) (Continued) 



IMD 


Intermodulation Distortion 




V, N = f A + f B .f A = 9kHz 
1 .25V sine. f B = 10kHz, 1.25 
sine. fcLK = 7MHz 
(fsAMPUNG = 31.8kHz). 
IMDis(f A + f B ),(f A -f B ), 

(2f A -f B ),(2f A + f B ),(f A + 2f B ), 

(f A - 2f B ) relative to fundamental. 




-75 




dB 


FR 


Frequency Response 




V )N = to 10kHz, 2.5V sine 
relative to 1 kHz 




0.01 




dB 


fcLK 


CLK Frequency 


4 


(No crystal) 


0.1 




7 


MHz 


fcLKX 


CLK Frequency 


4 


(Crystal) 


3 




7 


MHz 


fcLKI 


Internal CLK Frequency 








1/2 




fcLK or 
fcLKX 


fcLKT 


CLK Frequency (teiK on 'y) 


4 








fcLKI 


MHz 


fdKW 


Minimum Clock High/Low Width (CLK) 


5 




50 






ns 


fdKWT 


Minimum Clock High/Low Width (Iclk) 


5 




75 






ns 


tRF 


Maximum Rise/Fall Times, All Inputs 


5 








25 


ns 


tRESET 


Minimum Reset Active Time 


4, 10 




10 






fcLK 
Periods 


tpDN 


Power-Up Time 




Time After Pqn = V|H 




1 




ms 



Non-Multiplexed Data Bus Timing 



W 


Address to ALE Setup Time 


4 




20 






ns 


tLA 


Address Hold Time After ALE 


4 




20 






ns 


tLC 


Latch to RD or WR Control 


4 




20 






ns 


tRD 


Valid Data Delay from Read 


4 








150 


ns 


Ud 


Address Stable to Valid Data 


5 




150 






ns 


tLL 


ALE Width 


4 




80 






ns 


tDF 


Data Bus Float After Read 


4 




10 




50 


ns 


tCL 


Read or Write Control to ALE 


4 




20 






ns 


tec 


Read or Write Control Width 


4 




150 






ns 


tDW 


Data Setup Time for Write 


4 




100 






ns 


tWD 


Data Hold Time for Write 


4 











ns 


tRV 


Recovery Time Between 
Two Reads or Writes 


4 




250 






ns 


tAD 


Address Stable to Valid Data 


5 




150 






ns 


tAR 


Address Stable Before Read 


4 











ns 


tRA 


Address Hold Time for Read 


4 











ns 


tRR 


Read Pulse Width 


4 




150 






ns 


tRD 


Data Delay from Read 


4 








150 


ns 


tDF 


Read to Data Float 


4 




10 




50 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply for AV CC = DV CC = +5V ± 5%, V ss = -5V ± 5%, AGND = DGND = COM = CHX- 
OV, T A = T M | N to T M ax unless otherwise specified. C L = 100pF for D0-D7, C L = 50pF for INT, DBR, and SYNC. 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


Non-Multiplexed Data Bus Timing 


*RV 


Recovery Time Between 
Two Reads or Writes 


4 




250 






ns 


l AW 


Address Stable Before Write 


4 











ns 


*WA 


Address Hold Time for Write 


4 











ns 


tww 


Write Pulse Width 


4 




150 






ns 


*DW 


Data Setup Time for Write 


4 




100 






ns 


*WD 


Data Hold Time for Write 


4 











ns 


DMA Interrupt and SYNC Timings 


tCKDBR 


Clock to DBR Assert 


11,4 


DMA 




120 


190 


ns 


tRDD 


Read to DBR Negation on Last Byte 


4 






110 


170 


ns 


tCKDBR 


Clock to DBR or t C KiNT/ INT Assert 


11,4 


Non-DMA 




100 


180 


ns 


tWRDBR 


Write to DBR or t W RlNT 'NT Negation 


11,4 






70 


120 


ns 


tCKSYNC 


Clock to SYNC Delay 


11,4 


Master Mode 




150 


220 


ns 


tSYNCN 


SYNC Input Width 


5 




3 






fcLKl 


tSYNCCK 


SYNC to Clock Setup 


4 


Slave: Mode 4 Only 


50 






ns 


tSYNCO 


Minimum SYNC Output Width 


4 




4 




4 


fcLKI 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: 0°C to +70°C operating temperature range devices are 1 00% tested with temperature limits guaranteed by 1 00% testing, sampling, or by correlation with worst-case 

test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 1 00% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Leakage current is measured with the clock not switching. 

Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
Note 8: All parameters measured from 0.8V to 2.0V. 
Note 9: Power-down current is with power-down pin at GND potential only. Any other level will dissipate more power. Other digital input pins may float but cannot be 

above VDD or below GND. 
Note 10: RESET should be held active for at least 10 internal clocks after power supplies have stabilized to within 5% of 5V 

Note 11: Since the internal master clock is the input clock divided by 2, this number can be either the maximum listed or the maximum listed plus 1/2 the input clock period. 
Note 12: When RD = CS = V| L , the current into the DVcc P in depends on the data bus pins DO - D7. 
Note 13: Common-Mode rejection is the ratio of the change in zero error to the change in common-mode input voltage. 
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TIMING DIAGRAMS 
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Figure 2. Multiplexed Bus. 



o; 



READ CYCLE 

UD > 



J \ 



-tRD-^- 



K 



/ 



-A 



DATA BUS INVALID 



HIGHZ V VALID \ HIGHZ WR 7 \ {\ 



X 



K 



-tDW~ 



"tRV ► 



*< tww >■ 



x 



Figure 3. Non-Multiplexed Bus. 
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TIMING DIAGRAMS (Continued) 




FIRST BYTE 



LAST BYTE 




Note: There are 2*n Read Operations where n is the number of words to be 
transferred DBR is set and cleared by internal circuitry. 
DMA bit in the control register must be set for this operation. 

Figure 4. DMA Mode. 

MASTER MODE 



Figure 5. DBR and INT (Non-DMA Mode). 



SLAVE MODE 



~H <<— tcs 

A *\. 



y 



- tSYNCCK 



Figure 6. SYNC 



1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feed back the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 



V|N 



TRIM 
CAPS 






Hhn 



TRIM 
CAPS 



J 



y 



MIcH 



KxVref 

-i(z)4— {x}<- Vref 



GAIN OF LOOP = x2 

-< 



S/H 



COMPARATOR 



Figure 7. Self Calibrating A/D Converter. 



The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample-and-hold. If the 2x input 
voltage is less than the reference, the MSB is a and the 
2x input voltage is stored in the sample-and-hold. This 
process repeats again, however now the sample-and-hold 
voltage is multiplied by 2. 

Self-Calibration 

In order to maintain integral and differential linearity to 
the 72 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled 
before each conversion using auto-zeroing circuitry on 
both the sampling amp and the 2x amp. The gain of the 
loop is adjusted using self-calibration . 

Self-calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (Vref/Vref), an d examining the output code. 
Converting Vref should yield plus full-scale, since V R ef/ 
Vref should equal 1 . If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0" . If 
the magnitude bits of the resulting conversion are all "1s", 
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the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 1 3-bit accuracy of 2. 

1.2 MULTIPLEXER INPUT 

The input voltage is ±2.5V relative to COM of the 
ML2208 or a CH- of the ML2200. The input voltages 
under normal operation must not exceed supply voltages 
by 0.05V. Each channel is selected by the programmable 
sequencer. 

1.3 INTERNAL VOLTAGE REFERENCE AND V TEMP 

The internal bandgap voltage reference with a temperature 
coefficient of 50 ppm /°C has an external use current of 
2.5mA. 

The voltage reference Vjemp output is directly proportional 
to the chip temperature. 

1.4 CONVERSION TIMES 

The following table lists the conversion times which 
include the sample-and-hold acquisition time. For a 
CALRD and CALVVR no A/D conversion actually takes 
place. 



Operation 


Number of 
Internal Clocks* 


8-bit A/ D 


80 


13-bit A/D 


110 


CALWR 


52 


CALRD 


80 



"Internal clock is the external clock divided by two. 

1.5 SAMPLE-AND-HOLD TIMING 

Figure 8 shows the internal timing for the sample-and- 
hold circuitry. The relationship between the "Start of 
Conversion" and the input channel going into sample 
mode is fixed at 6 internal clocks, regardless of the Start 



Mode. Six internal clocks after the Start of Conversion, the 
Sample-and-Hold is switched into the sample mode, 
placing two 9pF capacitors in parallel with the input pins; 
one on CH+ and one on CH- for the ML2200, and CH 
and COM for the ML2208. The sample switch is kept in 
the sample mode for 8 internal clocks (2.3lis at a 7MHz 
external clock), then placed in the hold mode. During the 
next 2 internal clocks the charge on the sample-and-hold 
is transferred into the A/D, after which the Vref P' n is 
sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in 
Master Mode during a conversion. SYNC is activated one 
internal clock cycle before the Start of Conversion and 
lasts for four internal clocks. 

1.6 ANALOG INPUTS DIFFERENTIAL INPUTS AND 
COMMON-MODE REJECTION 

The differential inputs of the ML2200 eliminate the effects 
of common-mode input noise (60Hz, for example), as 
CH+ and CH- are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

Low inductance tantalum capacitors of 1 jllF or greater and 
0.01 jiF disc ceramic capacitors are recommended for 
bypassing AVcc as well as V$s to AGND. These capacitors 
should be placed close to the AVcc an d Vss pins. 

2.0 \>P HARDWARE INTERFACE 

The microprocessor interface is a byte-oriented structure 
which occupies eight memory or I/O locations in the 
microprocessor's address space. Each register is readable 
and writable via the chip select, read and write pins, three 
address lines, and 8-bit data bus. 



m cZ ajuiMMJiJuuiruu^^ 
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(MASTER MODE) 

NOTE 2 



«« rinj-LiinjiJiJi-jTJirL^ 
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START OF CONVERSION 



-SAMPLING INPUT- 



SAMPLING REFERENCE - 



Note 1: External clock in phase with internal clock using RESET. 
Note 2: Immediate execute mode where start of conversion and start of operation 
occur at the same time 



Figure 8. Sample-and-Hold Timing. 
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Interfaces are shown for multiplexed address data bus in 
Figure 9 and Figure 10. When non-multiplexed interfaces 
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Figure 9. 8-Bit Multiplexed Bus Interface. 



are used, ALE can be tied high. All internal address and 
chip select latches are transparent. 



LlP 



A8 
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• 
AD*3 
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D1 
DO 
ALE 
RD 
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O 00 

o o 
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Figure 10. 16-Bit Multiplexed Bus Interface. 



2.1 INTERRUPTS 

The ML2200 and ML2208 provide two interrupt pins, one 
for control/status interrupts (INT), and one for data interrupts 
(DBR). The standard INT pin is maskable via an interrupt 
mask register while the DBR pin is always enabled to 
signify that data is available. DBR can be mapped into the 
INT pin if only one interrupt pin is desired. 

The interrupt pin (INT) can be programmed, via the 
Interrupt Bit Mask register, to be active high, or active low. 
When programmed for active high, it is driven in both 
directions. When INT is programmed for active low, it is 
an open drain output, therefore an external pull-up 
resistor of 2.5 kft or more should be used. The DAP's 
Status register can be read to determine whether its 
interrupt is active or not. 



2.2 DMA 

The separate DBR pin can also serve as a DMA request 
signal when DMA operation is enabled in the Control 
register. DBR goes active high when the data buffer is full 
and ready to be read. DBR remains high until the last byte 
in the data buffer has been read. This allows back-to-back 
DMA cycles or single cycle transfers depending on how 
the DMA controller is programmed. The data for the DMA 
cycle is transferred over the 8-bit data bus at address (A0 
- A2 =0). The ML2200 or ML2208 automatically places 
both high and low bytes of the 1 6-bit wide data buffer at 
address or 1 for the DMA controller to read. The LOBYT 
bit in the Control register specifies whether the high or 
low byte is placed on the bus first. Figure 11 shows a 
block diagram interfacing to the 8237 DMA controller. 



8237 HLDA 

DMA CONTROLLER HOLD 

lOWJDREQ 

Ap - A 7 Dp - D7 IOR DACK 




Figure 11. DMA Interface. 
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3.0 REGISTER DEFINITIONS 



These data acquisition peripherals contain six directly 
addressable 8-bit registers, and twenty indirectly addressable 
1 6-bit registers. Figure 1 2 illustrates the register architecture 
while Figures 1 3, 14 & 1 5 illustrate the bit maps and 
addresses. The first three primary registers (Window Low, 



Window High, and Index) are used to access the 20 
secondary registers. Window Low and Window High 
provide read /write access to the low and high bytes of 
the secondary register pointed to by Index. 



SECONDARY 
INDEX 
REGISTER 

VALUE 
(RS4-RS0) UPPER BYTE LOWER BYTE 
00000 



ADDRESS BIT 7 BIT 6 BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 



READ/WRITE I 


000 


I D7 


| D6 | D5 | D4 | D3 | D2 | D1 | DO | 


WINDOW LOW REGISTER 


READ/WRITE | 


001 


I D15 


I D14 | D13 | D12 | D11 | D10 | D9 | D8 | 


WINDOW HIGH REGISTER 


READ/WRITE | 


010 


I AUTO 


| ** | ** | RS4 | RS3 | RS2 | RS1 | RSO | 


INDEX REGISTER 


READ/WRITE | 


011 


| CAL 


| RESET | SLFTST | TCLK | DMA | LOBYT| MSTR | RUN | 


CONTROL REGISTER 


READ ONLY | 


100 


| INT 


| CLCP | RNER | ISQ | OVRN | ALRM | OVRG | DBR | 


STATUS REGISTER 


WRITE ONLY | 


100 


* 


|clcpak|rnerak| isqak |ovrnak|alrmak|ovrgak|dbrak| 


INTERRUPT ACKNOWLEDGE REGISTER 


READ ONLY | 


101 


1 '1 


I 1 | 1 | 1 | 1 | SR2 | SR1 | SRO | 



A2,A1,A0 



f 



SEQUENCE REGISTER 



♦Writing this bit has no effect 
* *Write a zero to these bits 
read back ones 



$ 



D15 D8 


D7 DO 































10001 r 

10010L 
10011 [I 



01000 

















































DATA RAM 

} 8x16A/DDATA(READ) 
16-BIT CAL (WRITE) 



INSTRUCTION RAM 

}■ 8 x 16 OPERATION 
REGISTERS 



"2 16-BIT TIMER VALUE 



16-BIT ALARM A VALUE 
16-BIT ALARM B VALUE 
UPPER BYTE 

8-BIT INTERRUPT ENABLE 
LOWER BYTE 

8-BIT ALARM CRITERIA 



Figure 1 2. Register Architecture. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





LAST 


ALRMEN 


MDE2 


MDE1 


MDEO 


CH2 


CH1 


CHO 


SC2 


SC1 


SCO 


GN1 


GNO 


REF2 


REF1 


REFO 



MODE SELECT INPUT CHANNEL SELECT 

000 = IMMEDIATE EXECUTE 000 = CHANNEL 

001 = INTRA SEQUENCE PAUSE 001 = CHANNEL 1 

010 = START ON NEXT TIMEOUT 010 = CHANNEL 2 

01 1 = PRESET TIMER/START ON 01 1 = CHANNEL 3 

TIMEOUT 100 = ILLEGAL 

100 = EXTERNAL SYNC/TIMER 101 = ILLEGAL 

PRESET/TIMEOUT 110 = ILLEGAL 

110 = ILLEGAL 111= ILLEGAL 

111 = ILLEGAL 



y 






CYCLE SELECT 


GAIN SELECT 


REFERENCE SELECT 


000 = 16 BITS 


00 = 1 


000 = CHANNEL 


001 =13 BITS 


01 =2 


001 = CHANNEL 1 


010 = 8 BITS 


10 = 4 


010 = CHANNEL 2 


01 1 = READ CAL CODE 


11 =8 


011 = CHANNEL 3 


111= WRITE CAL CODE 




100 = ILLEGAL 

101 = ILLEGAL 

110 = INTERNAL Vref 

111 = ILLEGAL 



Figure 13. ML2200 Bit Map of Instruction RAM. 
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14 


13 
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LAST 


ALRMEN 


MDE2 


MDE1 


MDEO 


CH2 


CHI 


CHO 


SC2 


SC1 


SCO 


GN1 


GNO 


REF2 


REF1 


REFO 



MODE SELECT INPUT CHANNEL SELECT 

000 = IMMEDIATE EXECUTE 000 = CHANNEL 

001 = INTRA SEQUENCE PAUSE 001 = CHANNEL 1 

010 = START ON NEXT TIMEOUT 010 = CHANNEL 2 

01 1 = PRESET TIMER/START ON 01 1 = CHANNEL 3 

TIMEOUT 1 00 = CHAN N EL 4 

100 = EXTERNAL SYNC/TIMER 101 = CHANNEL 5 

PRESET/TIMEOUT 110 = CHANNEL 6 

110 = ILLEGAL 111= CHANNEL 7 

111 = ILLEGAL 



r CYCLE SELECT 


GAIN SELECT 


REFERENCE SELECT 


000 = 16 BITS 


00 = 1 


000 = CHANNEL 


001 = 13 BITS 


01 =2 


001 = CHANNEL 1 


010 = 8 BITS 


10 = 4 


010 = CHANNEL 2 


011 = READ CAL CODE 


11 =8 


011 = CHANNEL 3 


111 = WRITE CAL CODE 




100 = CHANNEL 4 

101 = CHANNEL 5 

110 = INTERNAL Vref 

111 = ILLEGAL 



Figure 14. ML2208 Bit Map of Instruction RAM. 
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15 


14 
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11 
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1 





INTL 


CLC PIE 


RNERIE 


ISQIE 


OVRNIE 


ALRMIE OVRGIE 


DBRIE 








ENB 


EN A 


AND/OR 


>B/<B 


>A/<A 



INTERRUPT ENABLE REGISTER ALARM CRITERIA REGISTER 

Figure 15. Interrupt Enable and Alarm Criteria Registers. 



3.1 Primary Registers 




READ/ 
WRITE 


| D7 | D6 | D5 | D4 | D3 | D2 


D1 


1 DO | 


Window Low Register 




READ/ 
WRITE 


| D15 | D14 | D13 | D12 | D11 | D10 


D9 


D8 1 



Control Register — Register 3 



READ/ 
WRITE 



Window High Register 

Window Registers — Registers and 1 

These registers form a two-byte window into the 
secondary registers. Window Low is the low byte of the 
secondary 16-bit word, and Window High is the high 
byte. Any one of the 20 words in the secondary register set 
can be accessed by first setting a 5-bit address in the Index 
register, then reading from or writing to the Window 
registers. Sequential access of the secondary registers is 
also available without writing to the Index register via the 
AUTOI bit in the Index register. 

Index Register — Register 2 READ/ 

WRITE 



| AUTOI | 



RS2 | RSI | RSO ~| 



Index Register 

RSX = Secondary Register Address (Bits to 4): The 

lower five bits of this register (RSO - RS4) define the 
location within the secondary register set that the window 
registers are positioned at. 

Bits 5 and 6: Undefined. Writing to these bits have no 
effect, however a zero should be written; always read as 
ones. 

AUTOI = autoincrement (Bit 7): Setting AUTOI signifies 
that the lower five addressing bits in the Index register are 
automatically incremented after either the Window Low 
or Window High register is accessed. Whether the 
autoincrement occurs when accessing Window Low or 
Window High register, is based on the LOBYT bit in the 
Control register. 

Interrupt Operation Caution!!! — Using the autoincrement 
feature with interrupt driven software deserves special 
attention. A problem can arise when an interrupt service 
routine accessing the secondary registers, interrupts 
another routine accessing secondary registers. This 
problem can be avoided one of two ways: disable the 
interrupt in the main routine while accessing secondary 
registers, or reload the index register to its entry value 
when exiting the interrupt routine. 

Note: The Index register is automatically cleared only 
under two conditions, one is a RESET, the other is when 
mode is used. This register is reset to in DMA mode just 
prior to the DMA request (DBR going active). DMA mode 
uses the index register for operation, so the index register 
should never be written to when RUN and DMA are set. 



RESET SLFTST 



DMA LOBYT MSTR 



Control Register 

RUN (Bit 0): Setting this bit to a one will cause the chip to 
start executing the operations defined in the Instruction 
RAM, beginning with location 0. This is referred to as the 
Run mode. Clearing this bit will place the ML2200 in the 
Halt mode. The run bit is initially cleared on power up or 
after a hardware or software reset. In order to properly 
start the chip operation, the RUN bit should be set after 
setting all other applicable bits in the control register. The 
act of halting the chip will always reset the sequence 
pointer to operation 0. Thus, the next time RUN is 
asserted, the chip starts from operation again. Placing 
the chip in the Run or Halt mode has no effect on the 
Interrupt pins (INT and DBR), nor the status bits in the 
status register. It is recommended that secondary registers 
only be written to in the Halt mode. Writing to secondary 
registers in the Run mode will cause the RNER status bit to 
be set, indicating a run error. All of the status bits in the 
Status register should be acknowledged (cleared) before 
entering the Run mode. 

MSTR = master (Bit 1): Indicates whether the SYNC pin 
will be an input or an output. If set the chip will enter the 
master mode of operation and the SYNC pin will become 
an output pin which puts out a sync pulse at the 
beginning of each operation. This serves as a signal for 
other slave chips that are used in a synchronous operating 
method. While in master mode, any operation requiring a 
sync input will not proceed, and the chip will "hang", 
waiting for a sync that will never come. The chip default 
is slave mode with the SYNC pin as an input. 

LOBYT = low byte first (Bit 2): This bit is used to indicate 
which byte is accessed first in AUTOI or DMA operation. 
When this bit is set, the index register is incremented on 
the read or write of the Window High register. When this 
bit is clear, the index register is incremented on the read 
or write of the Window Low register. If DMA operation is 
specified, then setting this bit will make the low byte be 
output first, then the high byte, after which the index 
register is incremented. Conversely, clearing this bit will 
output the high byte first, then the low byte, then 
increment the index register. The default is low. 

DMA = DMA Mode (Bit 3): When set enables DMA 
operation. DMA operation proceeds as follows: 

1 ) The DMA bit must be set after defining all other 
registers (Instruction RAM, Alarm etc.) but prior to 
setting the RUN bit. The RUN bit is then set. 
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2) The sequence of operations in the Instruction RAM is 
executed. 

3) At the end of the sequence, the DBR pin goes true, 
requesting DMA service, and the Index register is 
automatically cleared, pointing to the first location of 
the data buffer. 

4) Each read of either Window Low or Window High 
register outputs a byte from the data registers. The DMA 
controller can read Window Low register, or Window 
High register, or alternate between Window Low and 
Window High. The same data is placed in both 
Window Low and Window High registers, and updated 
in both of them when either one is read. The data is 
placed in the Window registers beginning with data 
word and incrementing on up. The placement of the 
low byte/ high byte order is based on the LOBYT bit in 
the Control register. The number of bytes transmitted 
equals twice the number of operations defined, since 
the words are 1 6-bits going over an 8-bit bus. DBR 
remains asserted until all of the bytes have been 
transmitted. It is negated on the leading edge of the last 
byte read pulse. DBR acknowledge (setting the DBRAK 
bit in the Status register) is not required when 
transferring bytes via DMA. 

The AUTOI bit does not have to be set when in the DMA 
mode. Setting the DMA bit forces the Index register to be 
auto-incremented in the Run mode. However if AUTOI is 
not set, then when in Halt mode autoincrement will not 
be enabled. If the AUTOI bit and DMA bit are both set, 
the autoincrement will occur in both the Run mode and 
the Halt mode. 

tcLK = enable external timer clock (Bit 4): When set, will 
divert the clock input for the internal sixteen bit timer to 
the ta_K pin- When reset to 0, the timer runs at the internal 
chip clock frequency, which is V2 of that generated at the 
CLK pin. 

SLFTST = self test (Bit 5): When set, the function of the 
input multiplexer is modified to enable self test 
operations. This bit also redefines the Instruction Word, 



specifically the CHAN field of the instruction word (See 
Figure 1 6 for the redefinition of the Instruction Word 
when SLFTST = 1 ). With SLFTST set the CHAN bits now 
specify which of four self tests is to be performed as 
shown below. 



Instruction 






Word 






CHAN Field 


Function 


Description 


000 


System Offset 


Inputs shorted 
together and 
shorted to ground 


001 


Internal 


Convert internal 
Vref, 




Reference 


plus side tied to 
Vref/ minus side 
tied to AGND 


010 


Minus Internal 


Convert internal 
Vref> Reference 
minus side tied to 
Vref, plus side 
tied to AGND 


011 


Common Mode 


Both inputs of the 
converter are tied 
to V REF 


100-111 


Illegal 





These self-test results are useful for user confidence at 
power on. The default on reset is 0, normal mode of 
operation. 

RESET = soft reset (Bit 6): Is a software reset of the chip. 
This bit does not have to be cleared once set. The 
microprocessor should read this bit back to determine if 
the reset operation has completed, especially if a slow 
clock rate is being used. It takes at least 4 internal clocks 
for the reset bit to clear. Microprocessor communication 
with the chip should be held off until this bit is read back 
as cleared. When issuing a hardware reset, comm unication 
with the chip should be held off until the RESET pin goes 
inactive. The chip will be in the Halt mode (RUN bit 
cleared) after a reset. See RESET/Power-On Conditions 
(Section 4.2) for chip register conditions after a reset. 



15 


14 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 





LAST 


ALRMEN 


MDE2 


MDE1 


MDE0 


CH2 


CHI 


CH0 


SC2 


SC1 


SCO 


GN1 


GN0 


REF2 


REF1 


REF0 



MODE SELECT 

000 = IMMEDIATE EXECUTE 

001 = INTRA SEQUENCE PAUSE 

010 = START ON NEXT TIMEOUT 

01 1 = PRESET TIMER/START ON 

TIMEOUT 
100 = EXTERNAL SYNC/TIMER 
PRESET/TIMEOUT 

110 = ILLEGAL 

111 = ILLEGAL 



INPUT CHANNEL SELECT 

000 = SYSTEM OFFSET 

001 = INTERNAL REF 

010 = INVERT INTRNREF 

011 = COMMON MODE 

100 = ILLEGAL 

101 = ILLEGAL 

110 = ILLEGAL 

111 = ILLEGAL 



CYCLE SELECT 

000 = 16 BITS 

001 =13 BITS 

010 = 8 BITS 

011 = ILLEGAL 
111 = ILLEGAL 



GAIN SELECT REFERENCE SELECT 

00 = 1 000-110 

01 = 2 INTERNAL REFERENCE 

10 = 4 ONLY 

11 =8 



Figure 16. Bit Map of Instruction Word When SLFTST = 1. 
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CAL = calibration start (Bit 7): When set, a self-calibration 
of the A/D converter will begin. Reading the CAL bit 
indicates whether the chip has been calibrated since the 
last reset or power-on condition. If CAL is a 1 , then a 
calibration of the A/D converter has been performed since 
the last reset or power-up. When setting CAL, the user 
should not write a back to clear it. Writing a to the 
CAL bit has no e/ifecf;this will not clear it if it was 
previously set. Attempting to set the RUN bit without this 
bit being set will result in a run error condition, in which 
the RNER status bit will be set, and an interrupt being 
generated if it was enabled in the mask register. The 
amount of time required for calibration is 8,260 internal 
clocks, or 16,520 external clocks. To determine when a 
calibration is complete, the microprocessor should enable 
the calibration complete interrupt (CLCPIE) in the interrupt 
mask register, and wait for the interrupt to occur. Interrupt 
servicing of the calibration complete interrupt is done in a 
normal manner, in which the interrupt is acknowledged 
by setting the CLCPAK bit in the interrupt acknowledge 
register. All I /O to the ML2200 should be avoided during 
calibration (i.e., 1 6,520 external clocks after the CAL bit is 
set), because accessing the chip during calibration could 
adversely affect the calibration. If an interrupt is not 
desired, the microprocessor can read the Status register to 
verify completion 1 6,520 external clocks after the CAL bit 
is set. When the CAL bit is set, all other bits in the Control 
register should be cleared. DO NOT set the CAL and RUN 
bits simultaneously. 



Status Register — Register 4 



READ 
ONLY 



| INT | CLCP | RNER [ ISQ | OVRN | ALRM | QVRG | DBR | 

Status Register 

Register 4 serves as the status register of the various 
conditions that can occur. The bits in the Status register 
will be updated regardless of the Mask register. The status 
bits are updated any time within or at the end of a 
sequence of operations. The bits in the Status register are 
cleared by setting the corresponding bits in the Interrupt 
Acknowledge register. The status register can be polled at 
any time without fear of clearing the status bits. This 
register is not cleared at HALT time. When entering the 
Run mode, all of the old status bits should be cleared 
(acknowledged). 

DBR = Data Buffer Ready (Bit 0): Is set when the chip has 
gone through one complete sequence of operations and 
has filled the data registers with the converted results. This 
bit signifies that the microprocessor should read all 
locations in the data registers that have relevant data. 
Reading all loaded data locations will clear DBR. If all 
loaded data locations are not read, DBRAK in the Interrupt 
Acknowledge register should be set to clear DBR, else 
OVRN will be set. The DBR pin is logically the same as 
the DBR status bit. The DBR pin is ALWAYS enabled and 
cannot be masked out. The DBR status bit is the only 
condition that can cause the DBR pin to be asserted. The 
DBR status bit can be enabled to assert the INT pin 
through the Interrupt Mask register. 



OVRG = overrange interrupt (Bitl): Is set at the end of an 

operation when an underflow or overflow of the A/D 
converter has occurred (underflow and overflow are the 
most negative and most positive number, respectively, that 
is representable in the chip according to the specified 
cycle length). The overflow and underflow conditions 
apply to ALL incoming A/D converted data. 

ALRM = limit alarm (Bit 2): Is the limit alarm status bit. It 
is set whenever the alarm criteria specified in the alarm 
registers is satisfied by a conversion from an operation 
where the ALRMEN bit is enabled. The limit alarm test only 
applies to an operation in which the ALRMEN bit is set. 

Note that OVRG and ALRM can be enabled without 
enabling the DBR interrupt so that the microprocessor can 
be left alone until an overflow/underflow or limit alarm 
occurs. This is done to search for a limit condition first 
without taking any data into the microprocessor. Doing 
this, however, will set the OVRN (overrun error) bit in the 
status register, indicating that the microprocessor has not 
read any data from previous sequences. 

OVRN = overrun error (Bit 3): The OVRN bit indicates 
that the microprocessor has missed from one byte to 
several blocks of data. Even if an overrun error occurs, the 
ML2200 or ML2208 continues converting the inputs and 
updating the data registers with the new conversions. 

This bit may intentionally become set as a result of 
searching for the overflow/underflow or limit alarm 
criteria without reading the data. 

The setting of the OVRN bit also occurs in DMA mode if 
all data has not been read by the completion of the next 
sequence. (Note: DBRAK should not be set in DMA mode, 
since DBR is automatically cleared by the chip.) If OVRN 
occurs in DMA mode, DBR will not be reactivated once 
all of the data from the sequence which was overrun is 
read; OVRN automatically disables DBR reactivation. 
Acknowledging OVRN (setting OVRNAK in the Interrupt 
Acknowledge register) will re-enable the DBR pin, 
however the OVRN bit may immediately be set again 
before the DMA controller can read the entire buffer. 
Therefore, it is recommended that in DMA mode if OVRN 
gets set, put the ML2200 or ML2208 in the Halt state, 
acknowledge the overrun and the DBR, then place the 
chip back in the Run mode. 

ISQ = intra-sequence pause (Bit 4): Indicates that the chip 
has halted operation within a sequence as a result of 
choosing the ISQ op code in the mode field of the 
Instruction word. Setting the ISQAK bit in the interrupt 
acknowledge register will then restart the operation within 
the sequence. This lets the microprocessor achieve timing 
control of individual operations within a sequence. 
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RNER= run error (Bit 5): Indicates that an error occurred 
either entering or operating in the Run state. The following 
operational errors cause the RNER bit to get set 

1 . Entering the Run state without having performed a self- 
calibration after the most recent Reset or power-up. The 
status of whether a calibration was executed or not is 
indicated by the CAL bit in the control register. If the 
CAL bit in the Control register is a one, the chip has 
already been calibrated. 

2. Writing to any secondary registers other than the data 
registers during Run mode. All secondary register 
locations are readable during Run time. 

CLCP = calibration complete (Bit 6): Is set at the end of a 

calibration sequence. The purpose of this bit is to notify 
the microprocessor that a self-calibration has completed. 

INT = interrupt (Bit 7): Is identical to the state of the INT 
pin. The INT status bit and pin is an OR of the status bits 
enabled in the Interrupt Mask register. While the polarity 
of the INT pin can be defined in the interrupt mask 
register, this bit is positive true only. 

Interrupt Acknowledge Register — Register 4 



WRITE 
ONLY 



| |CLCPAK|RNERAK| ISQAK |OVRNAK| ALRAK [OVRGAKJ PBRAK | 

Interrupt Acknowledge Register 

The status bits in the status register can only be cleared by 
setting the appropriate bit in this register; writing a zero 
has no effect. The relative bit positions in the Interrupt 
Acknowledge register are identical to the Status register 
except for bit 7, which is valid for reads (see explanation 
in Status Register) and undefined for writes (user must 
write a zero to this bit to be software-compatible for 
possible future redefinitions). 



Sequence Register — Register 5 



READ 
ONLY 



SRI | SRO | 



Sequence Register 

During the RUN mode, this register can be read back to 
indicate the current operation in progress. This is 
especially useful for examining interrupts when multiple 
intra-sequence pauses are specified. Bits 3-7 always reads 1s. 

Registers 6 and 7 — these registers are reserved for future use. 
3.2 SECONDARY REGISTERS 

There are twenty 1 6-bit wide secondary registers 
containing the Data RAM, Instruction RAM, Timer, 
Alarms, Alarm Criteria Register, and Interrupt Mask. 
Except for the Data RAM, the secondary registers should 
only be accessed on initialization, or when the chip is 
placed in the Halt mode. 



Secondary Registers to 7 

Data RAM (read only) 

Calibration Holding Register (write only) 



UPPER BYTE LOWER BYTE 



D15 D8 


D7 DO 































8 x 16 A/D DATA 
REGISTERS 
16-BIT CAL 
REGISTERS 



The Data RAM consists of eight 1 6-bit wide registers that 
hold the output results from the latest conversion 
sequence. Each word in the Data RAM has a one-for-one 
correspondence with a word in the Instruction RAM. The 
Data RAM is also referred to as the data output registers. 

The data output registers are double buffered and readable 
by the microprocessor at any time. The A/ D converter fills 
a "shadow" bank of registers during conversions, while 
the microprocessor is free to read the output registers. 
When the sequence is done, the "shadow" bank 
information is transferred to the output registers for the 
microprocessor to read, after which time DBR is asserted. 
Therefore, the microprocessor has essentially one 
sequence time to drain the data buffer. This time varies 
according to the number of operations defined, the system 
clock frequency, the mode field for each operation, and 
the cycle length (number of bits to be converted). Refer to 
Conversion Times for more information. 

Data Format 

All data is returned from the converter in 1 6-bit two's 
complement format, right hand justified, with the sign bit 
extended across the most significant unused bits. 



Cycle 


+Max 


-Max 


Mid-Range 


16 


7FFF 


8000 


0000 


13 


OFFF 


F000 


0000 


8 


007F 


FF80 


0000 



Calibration Holding Register — 

This register is for diagnostic purposes only. It is one 16-bit 
wide register mapped into the write only secondary 
address space to 7 (i.e., a write to any of the secondary 
addresses 0-7 will load the Calibration Holding register). 
This register is write only and cannot be read back 
directly. It is used when the mode field in the Instruction 
Word is set to CAL Write, and the Instruction is executed. 
This command takes the contents of the Calibration 
Holding register and loads it into the Calibration register 
of the A/D converter. Note that this will change the 
calibration of the A/D converter, and a calibration of the 
A/D converter should be done after a CAL Write command 
is issued. 
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Instruction RAM — Secondary Registers 
8 to 15 (Read/Write) 



OP 





OP 


1 


OP 


2 


OP 


3 


OP 


4 


OP 


5 


OP 


6 


OP 


7 



8x16 OPERATION 
' REGISTERS 



The Instruction RAM, sometimes referred to as the 
Operation registers, consists of eight 1 6-bit wide registers 
broken up into seven different fields (see Figures 10 and 
10A). Each Instruction or Operation defines a single 
conversion, where the converted data result is stored in 
the corresponding data output register. Note that when the 
SLFTST bit in the Control register is set, the Instruction 
Word is redefined for diagnostic mode. Figure 12 
illustrates the redefinition when SLFTST is set. The 
following section defines the seven different fields making 
up the Instruction word when SLFTST = 0. 



P15 P14 D13-11 D10-8 P7-5 P4, 3 

I LAST I ALRMEN | MOPE | CHAN | CYCLE | GAIN 



P2-0 
REF 



REF (Bits 2,1, — Voltage Reference Selection) REF 

specifies the source of the voltage reference used for the 
A/ D conversion. 

GAIN (Bits 4 and 3 — Gain Settings) GAIN defines the 
gain of the precision instrumentation amplifier. The gain 
can be either 1 , 2, 4, or 8. Each gain factor of 2 adds an 
additional 4 internal clock cycles (1 Aclki) t0 tne 
conversion time. Therefore a gain of 8 adds an additional 
1 2 internal clock cycles to the conversion time. 

CYCLE (Bits 7, 6, 5 — Cycle Select) CYCLE defines one of 
five different cycles: 8-, 1 3-, or 1 6-bit conversions, and 
READ or WRITE CAL CODE. Choosing 8-, 1 3- or 1 6-bit 
cycles determines how many bits the A/ D converter will 
convert. However, even though the converter has a 1 6-bit 
cycle, it may not have 1 6-bits of useful resolution. The 
useful resolution of the converter can be determined from 
the linearity specs. 

Since the algorithmic converter is a successive 
approximation type of converter, an 8-bit cycle requires 



the least amount of time to convert, and the 1 6-bit cycle 
requires the most. Refer to Sampling Rates and Conversion 
Times for the exact number of clocks each cycle takes. 

READ CAL CODE and WRITE CAL CODE cycles are for 
diagnostic purposes only. READ CAL CODE reads the 
Calibration register in the A/D converter and loads it into 
the corresponding data output register. WRITE CAL CODE 
transfers the contents of the Calibration Holding register 
into the A/D converter's Calibration register. The transfer is 
complete after the operation is executed. Refer to 
Diagnostics for more information on READ and WRITE 
CAL CODE. 

CHAN (Bits 10, 9, 8 — Input Channel Number) defines 
the input channel to be converted. 

ALRMEN (Bit 14 — Alarm Enable) When this bit is set the 

alarm criteria for the operation is enabled, otherwise the 
alarm is disabled for this operation. If ALRMEN is set and 
the alarm condition is met, the ALRM bit in the Status 
register will be set at the end of the operation. 

LAST (Bit 15 — Last Operation) signifies that this 
operation is the last operation of the sequence. The chip 
will return to and begin the first operation of the sequence 
after execution of the current operation. If all eight 
operations are specified, the last one MUST have this bit set. 

MODE (Bits 13,12,11— Mode Selection) defines the 
condition that must be met for the operation to proceed. 
The mode field also has an effect on the Operation 
Execution Time. 



000 


Immediate Execute 


001 


Intra-Sequence Pause 


010 


Start on Next Time out 


011 


Preset Timer/Start on Time out 


100 


External Sync Start 


101 


External SyncAimer Preset/Time out 


110 


ILLEGAL 


111 


ILLEGAL 



Events That Occur Within an Operation 

To better understand six modes of the ML2200 or ML2208 
one must first understand the events that occur during an 
operation. This can be aided by referring to Figure 1 7. 



OPERATION EXECUTION TIME 



CONVERSION EXECUTION TIME 



3 4 

INPUT CHANNEL 
ACQ. TIME 



5 6 

REF. CHANNEL 
ACQ. TIME 



SYNC PIN 
MASTER MODE 



SAMPLE 
MODE 



HOLD 
MODE 



SAMPLE 
MODE 



HOLD 
MODE 



START OF START OF 

OPERATION CONVERSION 



START OF 
OPERATION 



Figure 1 7. Events Within an Operation. 
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The first event that occurs in the Operation is the Start of 
Operation. This may or may not be the beginning of the 
conversion, depending on the mode selected. The time 
between the Start of Operation and Start of Conversion is 
variable. When the conditions of the mode have been 
met, the Start of Conversion occurs. 

The Conversion Execution time includes the input and 
reference acquisition times, the gain time, and the 
successive approximation conversion time. Shortly after 
the Start of Conversion the S/H goes into sample mode 
acquiring the input channel for eight internal clocks. After 
the input has been acquired the S/H goes into hold mode, 
disconnecting the S/H from the input channel, and 
transferring the charge into the A/D converter. A couple of 
clocks later the same S/H goes into sample mode on the 
reference voltage, either the internal Vref or one of the 
input channels. The reference acquisition time for all six 
modes is the same; eight internal clocks. After the S/H 
goes into hold mode the successive approximation A/D 
conversion begins. When the conversion is complete the 
next operation begins. 

Immediate Execute (000) — The Start of Conversion 
begins at the Start of Operation. In other words, the 
conversion begins the instant the operation begins. There 
is no gating item delaying the conversion. This mode 
allows the chip to convert at its maximum rate with no 
unnecessary delays. As an example of calculating the 
sequence time, if all eight operations used Immediate 
Execute with a gain of 1 and a 1 3-bit conversion, the time 
to execute one sequence (all eight operations) would be 
8 x 110 = 880 internal clocks. 

Intra-Sequence Pause (001) — This mode provides a way 
for the microprocessor to initiate conversions, rather than 
the other modes which either initiate conversions from 
internal timings or an external pulse. At the Start of 
Operation the ISQ status bit is set. The microprocessor 
will recognize the setting of the ISQ status bit either by 
polling the Status register, or having enabled the ISQ 
interrupt. The Start of Conversion is delayed until the 
ISQAK bit in the Interrupt Acknowledge register is set. 

Start on Next Time out (010) — After the Start of 
Operation occurs the Start of Conversion is delayed until 
the internal timer decrements from 1 to 0. When using this 
mode the timer will be free-running. This means that the 
timer is initialized in the Halt mode and left alone to 
decrement and reload automatically when in the Run 
mode. This mode can be used to establish a specific 
sampling rate. Note that the timer value must be greater 
than the conversion time, therefore this mode can only 
slow the sampling rate down from its maximum rate. In 
the case where several operations are used, and only one 
of them uses this mode, the timer value must be greater 
than all the other Operation Execution times plus the 
current operation conversion time. 

Preset Timer/Start on Time out (011) — At the Start of 
Operation the timer is loaded with its pre-programmed 
count. The delay between the Start of Operation and the 
Start of Conversion is the pre-programmed count. 
Execution time of the operation is the pre-programmed 
timer count plus the conversion time. As opposed to mode 
2, the timer can be any value between 2 and 216; j. e ., 



there is no restriction on the timer value being greater 
than the conversion time. One application of this mode 
would be when an external analog event is triggered by 
the SYNC pulse, and the conversion needs to be delayed 
by a programmable amount of time. 

Using the External SYNC Input — The following 
description applies to modes 4 and 5, since these two 
modes use the external SYNC input. These modes should 
only be used when the SYNC pin is programmed as an 
input (MSTR bit in Control register is 0). If the external 
SYNC signal arrives before the Start of Operation, it may 
be latched depending upon the arrival time. If it arrives 
22 clocks after the previous operation's Start of Conversion, 
external SYNC will be latched; any time before will miss 
the pulse. Therefore the external SYNC pulse rate should 
not be any faster than the frequency of the operations 
which use this mode, otherwise there will be more 
external SYNC pulses than conversions. 

External SYNC Start (100) — After the Start of Operation, 
the Start of Conversion is delayed until the rising edge of 
the SYNC pulse and the next rising edge of the internal 
clock. Unless the rising edge of the external SYNC is 
synchronized with the internal clock (See tsYNCCK Spec), 
the aperture uncertainty is one internal clock. 

External SYNC/Timer Preset/Time out (101) — For this 
mode, the external SYNC pulse presets the timer, and 
when the timer times out the Start of Conversion begins. 
The timer is preset after the rising edge of the external 
SYNC and the next rising edge of the internal clock. When 
the timer transitions from 1 to 0, the Start of Conversion 
begins. As in the previous mode, unless the rising edge of 
the external SYNC is synchronized with the internal clock, 
the aperture uncertainty is one internal clock. 

Timer Functions of the Different Modes — The on-chip 
timer is started when RUN is asserted. It then free-runs, 
pre-loads and restarts itself at the pre-programmed count 
unless one of the modes in an operation word specifies a 
timer preset. If "Start on Next Timeout" mode is selected 
for all operations, the timer free-runs and subsequently 
starts conversions on regular intervals, without the 
inclusion of any variable overhead timing requirements of 
any specific operation. The "preset timer" function that 
can be specified in any operation, functions as a "one- 
shot" time out feature; however it can upset the regularity 
of conversions. The use of the external SYNC start allows 
flexibility with asynchronous conditions outside the chip. 
In addition, the use of time out with external SYNC allows 
synchronous operation of multiple Micro Linear chips 
with interleaved operation. If a different rate is desired 
other than increments of one master clock cycle C/i the 
CLK pin frequency) or if external events need to be 
counted before starting an operation, then setting the tci_K 
bit in the control register will divert the timer to the tci_K 
pin for all operations. 

Timer Holding Register — Secondary Register 16 — This 
register holds the pre-programmed value of the timer. The 
value is in 1 internal clock increments, or the period of 
tci_K if this input is used. The timer is a countdown timer, 
therefore the realized delay will be the number loaded 
into the Timer Holding register multiplied by the clock 
period. The value is written as a 16-bit binary word, and 
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either high or low bytes can be written first. These 
registers are both writable and readable, with register 
writes executed only when the chip is in the Halt mode 
(RUN bit cleared in the control register). Reading the 
Timer Holding register will return the preprogrammed 
value for the timer, it will not provide the actual timer 
value. Timer Holding register values of 1 or are illegal 
and will "hang up" the timer when placed in Run mode. 
Therefore the minimum value that can be loaded into the 
Timer holding register is 2. The timer is decrementing 
when in Run mode and idle when in Halt mode. When 
the chip is placed in Run mode, the timer is automatically 
loaded with the value in the Timer Holding Register, and 
begins to count down. 

Alarm Registers — Secondary Registers 1 7, 1 8 
(Read /Write) — These registers specify the alarm criteria 
against which the converted data of a current operation is 
compared. The comparison occurs only when the ALRMEN 
bit is set within the operation. Secondary register 1 7 is 
Alarm A and secondary register 18 is Alarm B. These 
values are written in two's complement format, right 
justified and sign extended (refer to Data Format for more 
information). 

Alarm Criteria Register — Secondary Register 1 9 
lower byte (Read/Write) — Specifies the compare criteria 
to be used with alarm registers A and B. Bit specifies 
whether the comparison of alarm word A is to be greater 
than (setting the bit) or less than equal to (clearing the bit). 
Similarly, bit I specifies the same criteria for alarm word B. 
The criteria of the two groups can be "ANDed" or "ORed" 
together by clearing (OR) or setting (AND) bit 2. Bits 3 and 
4 enable the alarm comparison for words A and B, 
respectively. Bits 5, 6, and 7 are unused and be can be 
any value when written, always read as ones. The 
following table illustrates all of the possible combinations, 
X signifies don't care. 



Interrupt Mask- 
(Read/Write) 



• Secondary Register 1 9 Upper Byte 



D15 


D14 


D13 


D12 


D11 


D10 D9 


D8 


| INTL 


CLCPIE 


RNERIE | 


ISQIE 


IVRNIE 


ALRMIE|OVRCIE| 


DBRIE | 



4 


3 


Bit Numbei 
2 


1 







ENB 


ENA 


AND 


GB 


GA 


Test Done: 








X 


X 


X 


No Test 





1 


X 


X 





<A 





1 


X 


X 


1 


>A 


1 





X 





X 


<B 


1 





X 


1 


X 


>B 


1 


1 











< B or < A 


1 


1 








I 


< B or >A 


1 


1 





1 





> B or < A 


110 11 


> B or > A 


1 


1 


1 








<Band<A 


1 


1 


1 





1 


< B and > A 


1 


1 


1 


1 





> B and < A 


1 


1 


1 


1 


1 


> B and > A 



Using the various criteria, the chip can discern whether a 
certain channel is inside or outside a band, or greater than 
or less than a value. Notifying the microprocessor can be 
done through an interrupt or by polling the status register. 



This register is used to define which interrupt conditions 
are capable of setting the hardware interrupt pin and the 
INT bit of the Status register. The bits in the Interrupt Mask 
register are interrupt enable bits, meaning when the bits 
are set they enable the corresponding status bit to activate 
the hardware interrupt pin as well as the INT bit in the 
Status register. The INTL bit determines the polarity of the 
INT pin. If set, the INT pin becomes active low, with an 
open drain output. If clear, the INT pin becomes active 
high, with driving capability in both directions. 

Secondary Registers 20 to 31 — Undefined 

These registers are undefined and will cause unpredictable 
results if read or written to. 

4.0 SAMPLING RATES AND 
CONVERSION TIMES 

To determine the sampling rate, one must first determine 
the sequence execution time. A sequence is defined as the 
number of operations or instructions used. Therefore the 
sequence execution time equals the sum of the individual 
operation execution times. The simplest case for determining 
the sampling rate is when only one operation is used in 
the sequence. Then the sampling period is the operation 
execution time. If all eight instructions are used in the 
sequence, the sampling rate would be the sequence rate 
multiplied by the number of times the channel was 
sampled in the sequence. 

It is possible to sample one channel more frequently than 
another. For example, if every other operation sampled 
channel 0, while the remaining operations sampled 
channels 1, 2, and 3, the sampling rate for channel 
would be four times the sampling rate of the other 
channels. If periodic sampling is important, one must be 
careful when sampling a channel multiple times in a 
sequence since different operations can have different 
execution times. 

EXAMPLE: SAMPLING FOUR CHANNELS 
IN A BURST EVERY 10 MS 

Using Mode 2 "Start on Next Time out" for Instruction 
will establish the 10ms sampling rate, once the clock is 
initialized properly. Instructions 1, 2, and 3 can each use 
Mode "Immediate Execution." For the ML2200, each 
instruction can sample a different channel, thus covering 
all four channels in a burst. For the ML2208, the same 
holds true except all eight channels can be sampled in a 
burst, periodically. 

Assuming the external clock is 7MHz and each conversion 
is 1 3 bits with a gain of 1 , the conversion time for each 
operation will be 110 x 286 ns = 31 .4lis. Therefore four 
instructions will require 4x31 .4lis = 1 25.7lis. The 
execution time is much less than the sampling rate, thus 
the timer can be used to set the sampling rate. The timer 
value for a 10 ms sample rate is: 10 ms/286 ns = 35,000 
decimal or 88B8H. 
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OPERATION OR INSTRUCTION EXECUTION TIME 

Figure 1 7 illustrates the Operation Execution Time. The time 
between the Start of Operation and Start of Conversion is 
variable and depends on the Mode chosen. For more 
information on how to determine the time between Start of 
Operation and Start of Conversion refer to the Secondary 
registers Mode field description in the Instruction RAM. 

The Conversion Execution time depends on the Cycle, the 
Gain, and the Mode chosen in the instruction word. 
Modes 0-5 all behave the same way when it comes to 
Conversion Execution Time. To help determine the 
Conversion Execution Time the following table gives the 
number of internal clocks used for Modes 0-5 based on 
the Cycle chosen. 



Cycle 


Number of Internal System Clocks Needed 

0/fcLKl) 


16-Bit 


128 


13-Bit 


110 


8-Bit 


80 


Read CAL 


80 


Write CAL 


52 



Add 4 extra clocks to the Cycle time for each gain of 2 
(including Read CAL and Write CAL). For a gain of 2 add 
4 extra clocks, for gain of 4 add 8 extra clocks, for gain of 
8 add 1 2 extra clocks. Example: Modes 0-5, Cycle = 
13-bit conversion with a gain of 8. Conversion Execution 
time is 122 internal clocks. 

5.0 MICROPROCESSOR 
INITIALIZATION PROCEDURE 

The following sequence of steps is recommended when 
initializing the ML2200 from the microprocessor: 

1 ) Keep reset active for at least 1 internal clock cycles after 
power supplies have stabilized. If a software reset is 
issued, hold off microprocessor communications with the 
chip until the RESET bit in the control register is read 
back as cleared, which takes 4 internal clock cycles. 

2) If desired, check the data register path by performing a 
write and read of the calibration register for all 8 
operations. (This step is optional, but does provide user 
assurance of the integrity of the on-chip data paths.) The 
calibration register is a full 1 6-bit data path. 

3) Perform a calibration by first enabling the CLCP interrupt 
in the Interrupt Mask register, then start the calibration by 
asserting the CAL bit i n the Control register. Alternately, if 
an interrupt driven system is not desired, the interrupt 
status register can be polled 8260 internal clocks after the 
CAL bit has been set. The chip should not be polled 
during calibration. 

4) Upon receiving the CLCP interrupt, acknowledge it. If 
desired, read back the calibration code to verify a 
successful calibration. Other diagnostics may be run at 
this time, however diagnostics are optional and not 
required. 

5) Load the Instruction RAM, alarm criteria, interrupt conditions, 
and timer. Set the proper data transfer mode up (DMA, 



interrupt driven or polled mode.) Clear all status bits 
before setting the RUN bit. 

6) Start the chip running by setting the RUN bit in the 
Control register. This may be done by ORing the RUN 
bit with the other bits already configured in the Control 
register; however do not set the CAL bit again or 
another calibration will take place. Writing a to the 
CAL bit has no effect; it will still read 1 . 

5.1 RESET/ POWER-ON CONDITIONS 

When applying power to the ML2200, DV<x and AVcc 
should never be powered-on at different times. 

It is OK to assert both RD and WR during RESET time, but 
not legal to do so otherwise; this may damage the chip 
internally. 

The following list specifies the affected registers on the 
chip after a reset is performed. Note that both hardware 
and software reset of the chip have identical effects. 

All registers shown below are cleared (all bits 0): 

Primary Registers: 

Index register (register 2) 
Control register (register 3) 
Status register (register 4) 
Sequence status (register 5) 

Secondary Registers: 

Interrupt bit mask (upper half, register 19) 
Alarm criteria register (lower half, register 19) 

All other registers will have random data in them after 
power on. If a hardware or software reset is performed 
later, registers which are not listed above will be 
unchanged. Re-calibration after a hardware or software 
reset is not necessary, since the calibration register 
remains the same after a reset. Only after a power-up is a 
calibration necessary. However the CAL bit in the Control 
Register will be cleared after a reset. Setting the RUN bit 
while the CAL bit is clear will cause the RNER bit to be 
set. But, if a calibration had been done before the reset, 
the RNER may be ignored. 

5.2 TIMER 

If any of the operations require a timer function, (either a 
one-shot or regular conversion interval) then the timer value 
must be written. This is done by writing the index register 
value to 1 hexadecimal and writing the proper 1 6-bit time 
value to the window registers. The timer value must be 
greater than 1 . If using mode 2 "Start on Next Time out" the 
timer value must be greater than the conversion time. 

5.3 LIMIT ALARM OPERATION 

The chip may be set up to watch for certain data conditions by 
enabling the proper interrupt bits in the Interrupt Mask register. 
These conditions include A/D overrange/ underrange and user- 
defined alarm criteria. In order to use the alarms, the A and B 
alarm values must be defined. Note that since alarm registers A 
and B are 1 6 bits wide, 1 3-bit two's complement sign extended 
values must be loaded. (Refer to Data Format for more 
information). In order to further qualify alarm registers A and B, 
the Alarm Criteria register must be initialized. 
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5.4 DEFINING INTERRUPT CONDITIONS 

If the chip is used in polled situations, the interrupt mask 
bits need not be set unless the "OR" of the interrupt 
conditions, bit 7 in the Status register is used. 

If the chip is used in interrupt mode rather than polled 
mode, the desired interrupt conditions should be 
considered. In addition to the interrupts specified for data 
comparison operations, several other interrupts can be 
defined in the Interrupt Mask register. The DBR bit can be 
set if the DBR pin is not used. This enables interrupts at 
the end of sequences for data transfer via the INT pin. The 
intra-sequence interrupt bit should be enabled if intra- 
sequence pauses are desired in any of the operations. 
Overrun error and run-time error bits should be enabled if 
trapping of these errors is desired. 

Note that alarm A and B and overrange interrupts occur at 
any time within the sequence of operations. Due to the 
interrupt latency time of the microprocessor, multiple 
interrupts of this type within a sequence may be 
indistinguishable from each other. The A and B alarms 
should generally be used on only one operation so that its 
source can be determined with no ambiguity. Overrange 
interrupts can be handled by examining the data in the 
chip at the end of the sequence. 

The INT pin polarity can be defined to be active high 
(bit 1 5 cleared in the Interrupt Mask register) or active 
low (bit 1 5 set). When active low is chosen, the INT pin 
is open drain without a pull-up. When active high, the 
INT pin is driven actively in both directions. The default 
condition is active high, and the INT pin is actively driven 
low during reset time. 

6.0 METHODS OF DATA TRANSFER TO 
THE MICROPROCESSOR 

There are several ways to handle the data output; polling, 
interrupt, or DMA. If interrupts are the method chosen, 
method 5) may be preferable. Method 5) DMA/Interrupt 
mode, does not require a DMA controller. It simply uses 
the DMA mode of the ML2200 or ML2208 which can be 
interfaced to an interrupt controller. 

1 ) Intra-Sequence pause instruction is used when the 

microprocessor is not going to periodically/continuously read 
the data, but it will read the data at arbitrary times. The Table 
1 below shows the op codes to sample all eight channels. 



Using these instructions the program begins when the RUN bit 
is set in the control register. Immediately after RUN is set, before 
the first conversion takes place, the ISQ bit in the status register 
is set. This indicates that the sequencer has paused. When the 
microprocessor wants to read a value on one or more of the 
channels it sets the ISQAK bit in the Interrupt Acknowledge 
register. The ML2208 then performs eight conversions back-to- 
back, jumps back to sequence 0, and sets the ISQ and DBR bits 
in the status register. The data from all eight channels is now 
available in the Data RAM. The next time a conversion is 
desired, once again the microprocessor sets ISQAK in the 
interrupt acknowledge register. 

2) Polled mode transfer is done simply by polling the 
status register and examining the DBR bit to see if a 
sequence has been completed. The DBRIE interrupt 
mask bit need not be set, but an acknowledge should 
be done by setting DBRAK in the Interrupt 
Acknowledge register, otherwise an overrun error will 
occur. The CPU can just poll the INT bit in the Status 
register. Only the bits which are enabled in the 
Interrupt Mask register will set the INT status bit. When 
the INT bit is set, the CPU can examine the other status 
bits to determine which requests are active. 

3) Interrupt mode can be implemented using the INT pin 
and enabling the desired interrupt conditions in the 
Interrupt Mask register. The polarity of the INT pin can 
be selected at the same time. If desired, DBR can be 
used as a second interrupt pin to signify the transfer of 
data only. This may be useful in systems with multiple 
and prioritized interrupt structures. If DBR is used, the 
DBR mask bit in the interrupt mask register should be 
disabled or cleared. 

4) DMA mode can be implemented by setting the DMA 
enable bit in the control register and selecting high byte 
or low byte first by setting or clearing the LOBYT bit. 
The DBR pin is utilized as the DMA request, and will 
remain asserted until all data from the sequence is read. 

5) DMA/Interrupt mode. DMA mode can also be used in 
non-DMA applications. Although this appears to be 
unconventional, it may actually be preferred over the 
interrupt mode because of its convenience and speed. 
One way to do this would be to use the DBR pin as an 
interrupt request but enable DMA mode in the DAP. 
When data is ready DBR interrupts the microprocessor. 
The microprocessor then reads either window register 
the required number of times to drain the Data RAM. 



TABLE 1. 


CHANNELS IN AN ML2208 AT ARBITRARY TIMES 








LAST 


ALRMEN 


MODE 


CHAN 


CYCLE 


GAIN 


REF 


SEQO 








Intra Sequence Pause 


CHO 


13 




Internal 


SEQI 








Immed Execute 


CHI 


13 




- Internal 


SEQ2 








Immed Execute 


CH2 


13 




Internal 


SEQ3 








Immed Execute 


CH3 


13 




Internal 


SEQ4 








Immed Execute 


CH4 


13 




Internal 


SEQ5 








Immed Execute 


CH5 


13 




Internal 


SEQ6 








Immed Execute 


CH6 


13 




Internal 


SEQ7 


1 





Immed Execute 


CH7 


13 




Internal 
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Using the DMA mode interrupt method over non-DMA 
mode interrupt method saves a lot of overhead. For 
example in non-DMA mode interrupt method (assuming 
AUTOI is set), the index register would have to be set on 
entry, and the DBRAK bit would have to be set each 
service routine. In DMA interrupt mode, neither the Index 
register nor the DBRAK bit would have to be set. These 
are handled automatically in DMA mode. 

7.0 POWER-DOWN MODE 

The chip can be powered-down by asserting the Pqn P' n - 
It is advisable to place the chip in HALT mode first by 
clearing the RUN bit in the control register, however the 
chip will automatically go into Halt mode when powered- 
down. All analog circuits are powered-off; digital circuits 
are left in an idle state. All registers within the chip will 
retain their values down to a level of 2V between Vcc 
andGND. 

Powering-up the chip is done by bringing Pdn high. The 
chip will be in Halt mode upon power-up. Note, however, 



that the first 1 0ms of chip operation after a power-up will 
not be valid due to the settling of quiescent bias conditions 
within the on-chip's analog circuits. Any data that is 
returned for this period after power-up should be considered 
invalid. The user has the choice of either throwing away the 
first 1 0ms of data or waiting for 1 0ms and then setting the 
chip in RUN mode. The on-chip timer can be used for this 
purpose, if desired, by defining a sequence of dummy 
operations that last for the required delay, then rewriting the 
required operations for normal use. 

Acknowledge register. D B rak should also be set sometime 
before the next sequence to prevent the OVRN bit from 
being set, however this is not necessary. 

Note that the microprocessor cannot let the ML2200 
sequencer run continuously, i.e., SEQ would be changed 
to Immediate Execute and asynchronously read the Data 
RAM. The problem in this case would be that the 
microprocessor may read the data at the same time that the 
chip is updating it. That is why either polling, interrupt, or 
DMA transfer is required in a continuous run mode of 
operation. 



APPENDIX A 

DIAGNOSTICS 

The ML2200 and ML2208 may be run through a diagnostic 
routine after power-up. The DAP provides software 
programmable diagnostics so that no external hardware is 
necessary. Diagnostics are not necessary. They are provided 
as an option to the user. 

SELF-TEST MODE 

Setting the SLFTST bit in the Control register redefines the 
CHAN field in the Instruction Word. This in effect changes 
the input to the Sample-and-Hold from the multiplexer 
input channels to internal points within the chip; such as 
V RE p and AGND. Conversions in the Self-Test Mode allow 
the user to determine how the Sample-and-Hold and A/D 
converter behave with known input signals. This can be 
useful as a diagnostic routine for a product in the field, or 
as a debugging feature during product development. 
Figure 16 illustrates the redefinition of the instruction 
word when SLFTST= 1 . 

1. System Offset — The positive and negative inputs to 
the Sample-and-Hold are tied to analog ground. With 
this setting, converted data will give the offset of the 
A/D converter and Sample-and-Hold combination. 



2. Internal Reference — Connects the positive input of the 
Sample-and-Hold to V REF and the negative input of the 
Sample-and-Hold to analog ground. The result of 
converting in this test mode is a value near positive full 
scale. 

3. Invert Internal Reference — Connects the negative 
input of the Sample-and-Hold to V REF and the positive 
input of the Sample-and-Hold to analog ground. The 
result of converting in this test mode is a value near 
negative full scale. 

4. Common Mode — Both the positive and negative 
inputs of the Sample-and-Hold are tied to the internal 
Vref- The result of a conversion in this test mode 
indicates how well the converter is rejecting a common 
mode signal. 

Since setting the SLFTST bit merely changes the input to 
the Sample-and-Hold, conversions must be executed in 
order to read the results. This means placing the chip in 
the RUN mode and reading the results from the Data 
RAM. It is possible to run one sequence then halt the 
sequencer and read the results. The sequencer can be put 
in a "pause" via the Intra Sequence Pause Mode 
instruction. The following instructions accomplish this: 





LAST 


ALRMEN 


MODE 


CHAN 


CYCLE 


GAIN 


REF 


SEQO 








Intra SEQ Pause 


System Offset 


13 


1 





SEQ1 








Immed Execute 


INT REF 


13 


1 





SEQ 2 








Immed Execute 


Minus INT REF 


13 


1 





SEQ 3 


1 





Immed Execute 


Common Mode 


13 


1 






After the RUN bit is set, the ISQ bit in the status register is 
immediately set. Setting the ISQAK bit in the Interrupt 
Acknowledge register will allow the sequencer to 
continue. The next time the ISQ bit is set, the results may 
be read from the Data RAM. 



Reading and Writing to the Calibration Register The 
ML2200 and ML2208 architecture provides a way for the 
microprocessor to indirectly read and write to the A/D 
converter; specifically the Calibration register and the 
A/D's Data register. Figure 18 illustrates this architecture. 
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The instructions that cause these transfers are READ CAL 
CODE and WRITE CAL CODE; selected in the Cycle field 
of the instruction word when SLFTST = 0. WRITE CAL 
CODE transfers the contents of the Calibration Holding 
register into the A/D converter's Calibration register. READ 
CAL CODE transfers the contents of the Calibration 
Holding register through the A/D's Data register, into the 
Data Output register with the same location as the 
operation. 



As a result of providing READ and WRITE CAL, it is 
possible to execute digital loopbacks through the 
Calibration register, A/D registers, and all 8 Data Output 
registers. These loopbacks provides user assurance that all 
of the paths are clear and there are no stuck bits. 

Writing to the Calibration register changes the calibration 
of the A/D converter. Therefore a self calibration should 
be performed after executing a WRITE CAL CODE to 
ensure the A/D is properly calibrated. 





SECONDARY REGISTERS 
0-7 

( 
CALIBRATION HOLDING REGISTER 

( 


' 7 










15 
WRITE 1 


15 


CALIBRATION REGISTER 




I 


DNIIY I 




H 




15 


15 


V 





READ 


DATA OUTPUT REGISTERS 


I 


DATA REGISTER 


| 


ONLY 


^ / 


I 


1 


A/D CONVERTER 




2 




3 




4 




5 




6 




7 



Figure 1 8. Digital Loopback Architecture. 



DIGITAL LOOPBACK ARCHITECTURE 

Reading the calibration register provides a way for the 
microprocessor to determine that the self calibration was 
successful. The microprocessor configures the DAP to 
execute a READ CAL CODE after a self calibration has 
been performed. If the lower byte of data from the READ 
CAL CODE is anything other than all 1s, then the 
calibration was successful. 



Even though the calibration register itself is a 16-bit 
register, and is capable of holding a 1 6-bit result, only the 
lower 9 bits are significant in determining the calibration 
code. These 9 bits have a sign magnitude format, in other 
words the 9th bit (MSB of the 9-bit word) is the sign bit, 
and the other eight bits are magnitude bits. An easy way to 
determine whether the calibration has passed or failed is 
to read the lower data byte after a READ CAL is executed. 
If it's not all 1s then the calibration was a success. 
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APPLICATIONS 

Utilizing instruction RAM bits 0, 1, and 2, any of the 
differential input channels of the ML2200 can be 
programmed to sense the external reference (See Figure 
1 3.) Only single ended channels thru 5 can be used on 
the ML2208 (See Figure 14.) 



ML2200 

AVcc 



Vref 



ML2208 

AVcc 



Vref 



-CH0 
AGND 



COM 
AGND 



Figure 1 9. Using a 2.5V External Reference. 



The system gain errors can be nulled by applying 2.4991 V 
(the full-scale voltage minus 1 .5LSB) to one of the input 
channels and adjusting R1 until the digital output toggles 
between 01111 1111 1110 and 01111 1111 1111 . If offset is 
not adjusted the full-scale voltage will be shifted by the 
amount of this unadjusted offset voltage. 




ML2208 

>AV C C OAVcC 




Figure 20. Adjusting Full-Scale Error. 
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APPLICATIONS (Continued) 



ML2200 



ML2208 



INPUTS 

REFERENCED 

TO AGND 




INPUTS 

REFERENCED 

TO AGND 




Figure 21. Adjusting Zero Error. 



An op amp with an offset adjustment with a range of at 
least + 1 .3 mV is required, like an OP - 27. The Zero Error 
can be nulled by first applying 305uY to one of the input 
channels (referenced to AGND.) 305|W is equivalent to V2 
LSB which is the ideal input voltage which should cause 
the digital output to toggle from 0000 0000 0000 to 
0000 0000 0001 . Adjust R3 until this occurs. 

If an external reference is also being used, it should be 
referenced to AGND, while the COM or negative inputs 
are tied to the offset op amp as shown above. In this 
configuration, the offset adjustment will effect the gain 
setting and so should be set first. 

The Channel to Channel Zero Error and Full-Scale Error 
are very low and do not need to be adjusted separately. If, 
however, the input signal sources have their own different 
offsets, a separate op amp, with an offset adjustment, can 
be placed at each channel input. 
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APPLICATIONS (Continued) 



6800 



VMA 

A0-A7 



A8-A15 
R/W 



<t>2 
D0-D7 



IRQ 
RESET 



ADDR. 
DECODE 



->o- 



t=0 



ML2200 

Q5V 



;n>hf 



(UNUSED) -<- 



-±- (NOT USED) 



□ 7MHz 



_L 



_ PDN 

CS AVcc 

ALE DVcc 

A0-A2 



RD 

WR 

D0-D7 

DBR 

INT 

RESET 

tCLK 

CLK 



Vss 

Vtemp 

Vref 

CH0+ 
CH0- 
CH1 + 
CH1- 
CH2+ 
CH2- 
CH3+ 
CH3- 



SYNC 
DGND AGND 



4 DIFFERENTIAL 
ANALOG INPUT 
CHANNELS 



Figure 22. Interfacing ML2200 to 6800 Type Microprocessors. 



Vref f- 

(From ML2208 I 

or ML2200) 



J*D 



0-15 PSID 

P1 SENSYMSCX15DNC 

R3 100KQ 

R1, R0 10Kfi 

RS 1.25KQ 

RG 500Q 

OUTPUT VOLTAGE 

0-2 WHEN |1 = AGND 
±2.5V WHEN J1 = -5V 




Figure 23. Pressure Sensor Application. 
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ORDERING INFORMATION 


PART NUMBER 


LINEARITY 
ERROR 


MINIMUM 
CONVERSION 


PACKAGE 


TEMPERATURE 
RANGE 


Four Differential Analog Inputs 


ML2200BCP 
ML2200CCP 
ML2200DCP 


±3/4 LSB 
±1 LSB 
±LSB 


31.5ns 
31.5ns 
44.0ns 


Plastic DIP (P40) 


0°C to +70°C 


Eight Single Ended Analog Inputs 


ML2208BCP 
ML2208CCP 


±3/4 LSB 
±1 LSB 


31.5ns 
31.5ns 


Plastic DIP (P40) 


0°C to +70°C 
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Serial Peripheral Interface (SPI) 
12-Bit Plus Sign A/D Converter with S/H 



GENERAL DESCRIPTION 

The ML2221 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

These A/D converters have a maximum nonlinearity 
error over temperature of ±0.009% or ±0.012% of 
minus full scale to plus full scale. 

The serial interface is compatible with industry 
standard serial interfaces. The ML2221 has 4 modes of 
operation: gated serial data clock, gated chip select, 
chip select to initiate conversion with serial out data 
controlled by ML2221, and free run mode. 

The serial interface allows either MSB or LSB first data 
with 2's complement output coding. For easy interface 
to microprocessors and shift registers the output data 
word is 16 bits. 



FEATURES 



±¥4 LSB and ±1 LSB max 



i Nonlinearity error 
i Conversion time 

(including S/H acquisition) 44fjs max 

i Harmonic distortion 0.01% 

i No missing codes 

i Inputs withstand |7V| beyond supplies 
i Bipolar -5V to +5V analog input range 
i Controlled or free run operation 
i Direct 4-wire interface to jj? (MPU) with 

synchronous serial formats 

i 0°C to +70°C, -40°C to +85°C temperature range 
1 16-pin DIP 



BLOCK DIAGRAM 



PIN CONNECTION 



Vref 
O 



Vin- O- 



Vss 
o 



cclk-; 



CCLK V C C 
Q 



1— o<l^ 
o-EH 



SELF-CALIBRATING 

12-BIT + SIGN A/D 

AND 

SAMPLE AND HOLD FUNCTION 



CONTROL 

AND 

TIMING 



SHIFT 
REGISTER 



6 
RESET 



16-PIN DIP 
V| N + [ 1 16 ] AGND 



-►O SCLKin/OUT 



-►O SCLK 
-►O BUSY 
— O CS 



Vin- [ 2 

Vref [ 3 

V SS [ 4 

SCLK|N/OUT [ 5 

DGND [ 6 

SCLK [ 7 

DO [ 8 



15 ] V C C 

14 ] CCLK 

13 ] CCLK-i- 

12 ] RESET 

11 ] MSB 

10 ] CS 

9 ] BUSY 
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PIN DESCRIPTION 



PIN 
NO. 



NAME 



FUNCTION 



1 V|n+ Positive Differential Analog Input- 

range = V S s ^ V, N + < Vco 

|(V| N +) - (V|N-)| < Vref- 

2 V| N - Negative Differential Analog Input; 

range = V S s ^ V, N - < V C q 
|(Vin+) - (Vin-)I < V REF . 

3 Vref Voltage Reference Input- 

referenced to analog ground. 

4 V S s Negative Supply -5V + 5%; 

decouple to AGND. 

5 SCLKin/out SCLK mode select 

SCLK| N /out = 5V; SCLK is an input 
serial CLK. 

SCLK| N /out = °V; SCLK is an 
output serial CLK. 

6 DGND Digital Ground. 

7 SCLK Bi-Directional Serial Data Clock. 

Serial data is transmitted by the 
clock present at SCLK. 

8 DO Data Out. Digital output which 

contains result of A/D conversion. 
The serial data is clocked out on 
falling edges of SCLK. 

9 BUSY Three-state active high BUSY 

status output. Normally low. Goes 
high to indicate that a conversion 
is in progress; de-asserted when 
conversion is complete and data is 
available from the conversion just 
completed. A pulldown resistor is 
recommended on this pin. 

10 CS Active Low Chip Select, starts a 

conversion and brings the BUSY 
and DO out of the three-state 
mode. CS is used in modes where 
conversion or transmission timing 
is controlled; held low in gated 
SCLK and FREERUN modes. 



PIN 
NO. 



NAME 



FUNCTION 



11 MSB Most Significant Bit is transmitted 

first if MSB is tied to Vcc; Least 
Significant Bit transmitted first if 
MSB is tied to DGND. 

12 RESET Active Low Reset. The RESET 

period is set by the time constant 
of the internal 50K pull up resistor 
and an external capacitor. After 
the RESET period the converter 
will be ready for accepting 
requests or will automatically start 
conversions/transmissions based 
upon the mode. 

13 CCLK^- Sets CCLK equal to internal clock 

if tied to 5V If tied to 0V the 
internal clock equals CCLK/2. 

With CCLK equal to the internal 
CLK the user can synchronize to 
all internal timing events, although 
CCLK duty cycle must be 
controlled to meet the minimum 
clock high and low times specified. 

14 CCLK Clock Input. Internal clock can be 

generated by tying a crystal from 
this pin to DGND or applying a 
clock directly to the pin. 

15 V C c Positive Supply. +5V ± 5% 

decouple to AGND. 

16 AGND Analog Ground Volts. Common 

mode reference point of the 
internal differential circuitry. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage (V cc ) 6.0V 

Negative Supply Voltage (V ss ) -6.0V 

Voltage at Analog 

Inputs V ss - 7V to V cc + 7V 

Voltage at V REF V ss - 7V to V cc + 7V 

Input Current per Digital Pin ±10mA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range -65°C to +150°C 

Package Dissipation at 25°C (Board Mount) 875mW 

Lead Temperature (soldering 10 seconds) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 



OPERATING CONDITIONS 

(Note 2) 

Temperature Range T MIN < T A < T MAX 

ML2221BIJ, ML2221CIJ -40°C to +85°C 

ML2221 BCP, ML2221 CCP 0°C to +70°C 

Supply Voltage (V C c) 4.5V DC to 6.0V DC 

Negative Supply Voltage (V ss ) -4.5V DC to -6.0V DC 

Reference Voltage (V REF ) Vcc 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for V C c = +5V ± 5%, Vss = -5V ± 5%, V REF = +4.75V, V| N - = AGND, 
V|n+ = -4.75V to +4.75V, Ta = T M in to Tmax unless otherwise specified. 



PARAMETER 



NOTES 



CONDITIONS 



ML2221BIJ, ML2221CIJ 



MIN 



TYP 

(Note 3) 



MAX 



ML2221BCR ML2221CCP 



MIN 



TYP 
(Note 3) 



MAX 



UNITS 



Converter Characteristics 



Linearity Error 
ML2221BXX 
ML2221CXX 


4 


fcCLK = 0.1 to 5MHz 






±¥4 
±1 






±3/4 

±1 


LSB 
LSB 


Unadjusted Zero Error 
ML2221BXX 
ML2221CXX 


4 








±3/4 

±2 






±3/4 
±2 


LSB 
LSB 


Unadjusted Positive and Negative 
Full-Scale Error 


4 








±5 






±4 


LSB 


Zero Error Temperature Coefficient 








0.5 






0.5 




ppmFS/ 
°C 


Gain Temperature Coefficient 








10 






10 




ppmFS/ 
°C 


Common Mode Rejection 


5, 6 




80 






80 






clB 


Analog Input Source Resistance 


4 








2 






2 


kn 


Analog Input Range 


4 


V| N + Referred to V !N - 


-Vref 




+ Vref 


-Vref 




+ Vref 


V 


Analog Input Leakage Current 


4 








100 






100 


nA 


Voltage Reference Input Source 
Impedance 


4 








0.5 






0.5 


kO 


Reference Input Leakage Current 


4 








100 






100 


nA 



Digital and DC Characteristics 



Power Supply Current 
•co v cc 
Is* Vss 


4 






30 
18 


50 
30 




30 
18 


50 
30 


mA 
mA 


Power Supply Rejection 
Vcc 

Vss 


7 


DC 

DC to 25kHz 

DC 

DC to 25kHz 




80 
50 
80 
50 






80 
50 
80 
50 




dB 
dB 
dB 
dB 


Vilclk/ Clock Input Low Voltage 


4 








0.8 






0.8 


V 


Vihclk/ Clock Input High Voltage 


4 




3.5 




Vcc 


3.5 




Vcc 


V 


l L1/ Input Leakage Current (CCLK) 


4 


AGND < V, N < V CC 






±200 






±200 


M 


V iL/ Input Low Voltage 


4 








0.8 






0.8 


V 


V| H/ Input High Voltage 


4 




2.0 




Vcc 


2.0 




Vcc 


V 


Vqlt Output Low Voltage 


4 


Iql = 2.0mA 






0.45 






0.45 


V 


Vqh/ Output High Voltage 


4 


Iqh - -400/iA 


2.4 






2.4 






V 


II, Input Leakage Current 
(except CCLK) 


4 


DGND < V, N < V CC 






±10 






±10 


fiA 


'hi-Z/ Output Leakage Current 


4 


CS>V IH 






±10 






±10 


M 


C|, Input Capacitance 
(all digital inputs) 


5 






10 






10 




PF 


C , Output Capacitance 
(all digital outputs) 


5 






10 






10 




PF 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 

(Note 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) 


tc 


Conversion Time 


4, 9 


fccLK = 5MHz (CCLK-^ = "0") 


44 






//s 




Sample and Hold Acquisition 


4, 9 


fcCLK = 5MHz (CCLK^- = "0") 


3.2 






fIS 


f<XLK0 


Clock Frequency 


5,9 


Crystal (CCLK4- = "0") 


3 




5 


MHz 




Driven (CCLK-^ = "0") 


0.1 




5 


MHz 


fcCLK 


Clock Duty Cycle 


5,9 


Driven 


40 




60 


% 


fcCLKO 


Clock Width 


5, 9 


Driven (CCLK^ = "0") 


High 


50 






ns 




Low 


50 






ns 


fcCLKI 


Clock Frequency 


5,9 


Driven (CCLK^- = "1") 


0.05 




2.5 


MHz 


fcCLKI 


Clock Width 


5 


Driven (CCLK-^ = "1") 


High 


150 






ns 




Low 


150 






ns 


tcSB 


CS Low to BUSY Driven 


4 








85 


ns 


*CSB HZ 


CS High to BUSY, Hi-Z 


4 








85 


ns 


^sclkbA 


SCLK High to BUSY 


5 


Gated SCLK 






270 


ns 


tcCLKB D 


CCLK Low to BUSY, Deassert 


5 








160 


ns 


tsCLK, DO 


Serial Clock Low to DO Valid/Hold 


4 








190 


ns 


tcS, DO 


CS Low to DO Driven 


4 








85 


ns 


tcS, DO HZ 


CS High to DO Hi-Z 


4 








85 


ns 


*CS, CCLK 


CS Low Setup Time to CCLK 


4 


Immediate Conversion Start 









ns 


tCS, SCLK 


CS Low Setup to SCLK Low for 
No-Delay Data Transmit 


5 








75 


ns 


tOGLK, SCLK 


CCLK to SCLK Output Delay 


5 


SCLK, N /out = "°" 






225 


ns 



Note 1: 

Note 2: 

Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 
Note 9: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Common mode rejection is the ratio of the change in zero error to the change in common mode input voltage. 

Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 

All parameters measured from 0.8V to 2.0V, C L - 50pF. 

Maximum frequency is 1/t cuci (high) + t CLK1 (low) + rise + fall times, which must be < 2.5 MHz. 
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DATA 
OUTPUT 



Cl== 10k 



F 



OUTPUT 
ENABLE 



Vcc 

GND 
VOH- 
GND- 




tlH U 

^IsVOH-IOOr 



50% 
10% 



> 



Vcc 



10k ; 



OUTPUT 
ENABLE 



Vcc 




Vcc- 



VOL" 



50% 
10% 



Vol +100 mV 



\: 



CCLK(CCLK-^ - "0") 



Figure 1. High Impedance Test Circuits and Waveforms 

AAAAAA/VXAAAAAAAAAAAAA^IAAAAAA 



CCLK(CCLK^- = "1") 
INTERNAL CLK 




W///////////IY///////M 



-•-tcSBA-^ 
BUSY V 



r 



HRSTDATAB.T ^^^^^7777777 



\ 



J" 



-tcCLKBD 
*DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 

Figure 2. CS, SCLK Sourced Mode 



cc L K,caK- . ,-, AAAAAAAAAAAAAAAA A/VWWWWW 



CCLK(CCLK- - "1") 
INTERNAL CLK 




Figure 3. CS, SCLK External Mode 
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c aTO . V) VWVWVWVWWVWAAAAAAAAAA/ 



CCLK(CCLK-^ = "1") 
INTERNAL CLK / 1 




PREVIOUS * SECOND PREVIOUS * 16TH 
*DATA WILL BE MSBOR LSB FIRST DEPENDING ON "MSB" LOGIC STATE. DATA BIT DATA BIT 

SCLKin/OUT = "0", CS = "0", BUSY REMAINS "1 " 



Figure 4. FREERUN Mode 

CCL ™ ■ "°"> AAAAAAAAAAAAAAAAAAAAAAAAAy 




SCLKin/OUT = 1, CS = 

*DATA WILL BE MSB OR LSB FIRST DEPENDING ON "MSB" LOGIC STATE 



Figure 5. Gated SCLK Mode 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition 
the values of all of the resistors or capacitors in the 
DAC must be matched to within the accuracy of the 
converter. This is difficult beyond 10 bits unless 
trimming is used. An algorithmic converter uses less 
circuitry and is more easily trimmed. Micro Linear's 
algorithmic converter is implemented using a 2x 
amplifier, a sample/hold amplifier and a comparator as 
shown in Figure 6. 

The input sample is first multiplied by two then 
compared to the reference voltage. If the 2x input 
voltage is greater than the reference, the MSB is a 1 
and the reference voltage is subtracted from the 2x 
input voltage. The remainder is stored in the sample 
and hold. If the 2x input voltage is less than the 
reference, the MSB is a and the 2x input voltage is 
stored in the sample and hold. This process repeats 
again, however now the sample and hold voltage is 
multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x v, N ) - V REF > 
then MSB = 1 

(2 x v, N ) - Vref-S/H 
else MSB = 

(2 x V, N )-S/H 

Step 2 If (2 x S/H) - V REF > 
then next bit = 1 

(2 x S/H) - V REF -S/H 
else next bit = 

(2 x S/H)-»S/H 

Step 3 Repeat Step 2 until conversion complete. 



Since the A/D converter handles bipolar inputs, 
negative inputs are handled slightly differently using the 
same principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in 
an algorithmic converter, two critical parameters need 
to be controlled, loop offsets and the gain of the loop. 
Loop offsets are automatically nulled before each 
conversion using auto-zeroing circuitry on both the 
sampling amplifier and the 2x amplifier. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the 
offsets have been nulled, is performed by measuring 
the 2x gain of the loop and adjusting it. The gain can 
be measured by converting the reference voltage at the 
input as well as the reference (V RE p/V REE ), and 
examining the output code. Converting V REE should 
yield plus full scale, since V REE /V RE p should equal 1. If 
the gain of the loop is slightly less than 2, the resulting 
LSB of the conversion will be "0". If the magnitude bits 
of the resulting conversion are all "1s", the gain may be 
too great, therefore the gain is reduced to the point 
where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of 
the 2C input capacitors. A small value of capacitance is 
either added to or subtracted from the 2C input caps 
until the gain of the loop is within 13-bit accuracy. 

Self calibration is done at the factory. The calibration 
process is not available at the finished product level. 



trim , c 



TRIM 
CAPS 



m j L ir J 



GAIN OF LOOP = X2 




COMPARATOR 



Figure 6. Self Calibrating A/D Converter 
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1.1.2 Conversion Times 

The following table lists the conversion times which 
include the sample and hold acquisition time. 



OPERATION MODE 


INTERNAL CLOCKS* 


CS, SCLK External 


124 


CS, SCLK Sourced 


124 


FREERUN 


110 


Gated SCLK 


124 



1.1.3 Sample and Hold Timing 

Figure 7 shows the internal timing for the sample and 
hold circuitry. The relationship between the start of 
conversion and the input channel going into sample 
mode is fixed at 6 internal clocks*, regardless of the 
start mode. Six internal clocks after the start of 
conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel 
with the input pins; one on V|n+ and one on V|n~. The 
sample switch is kept in the sample mode for 8 internal 
clocks (3.2/zs at a 5MHz external clock, if CLK4- = 0), 
then placed in the hold mode. During the next 2 
internal clocks the charge on the sample and hold is 
transferred into the A/D, after which the Vref pin is 
sampled for 8 internal clocks. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2221 eliminate the 
effects of common mode input noise (60Hz for 
example), as V|n+ and Vjn- are sampled at the same 
time. 



1.2.2 Noise 

The leads to the analog inputs should be kept as short 
as possible to minimize input noise. Noise as well as 
digital clocks can couple into the inputs and cause 
errors. Input filters can be used to reduce the effects of 
these sources. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of 1//F or greater 
and 0.01//F disc ceramic capacitors are recommended 
for bypassing V C c as well as Vss to AGND. These 
capacitors should be placed close to the Vcc and Vss 
pins. 

1.3 CONVERTER CLOCK 

The CCLK input can be driven with an external clock 
or a crystal referenced to DGND. The crystal must be 
parallel resonant with minimum capacitive loading, (i.e., 
no bypass caps should be used and leads should be 
kept short) 

If driven with external clock and if the CCLK^- pin is 
tied to Vco tne frequency must be between 50KHz to 
2.5MHz with the requirement that clock LOW (tccLKL) 
and clock HIGH (tccLKH) durations must be more than 
150ns. If the CCLK-^ pin is tied to ground then the 
frequency can be from 100KHz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 30 to 70% variation in duty 
cycle of the oscillator, the maximum crystal frequency is 
2.0MHz to insure that the minimum clock high and low 
times are greater than 150 nsec. 



* For a description of internal clocks see Clock section. 



EXTERNAL < 
CCLK+ 



ll 12 1 13 28 l29 32l33 48l49 

t5i°$ ruinjifuiruin^^ 

ii ii i 

INTERNAL CLOCK ,_. _ Lj ,J 3 4 5 6 I 7 8 9 10 11 12 13 14 hs 16 h 7 18 19 20 21 22 23 24 [l 5 26 
OR EXTERNAL CLOCK rTJT_|lJlLJlJTJTJ^ 

II II I 



t 



START OF CONVERSION 



U SAMPLING INPUT »| 



-SAMPLING REFERENCE - 



Figure 7. Sample and Hold Timing 
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1.4 RESET 



The RESET pin has an internal 100K pullup resistor. 
Power supplies must be stable to within a ±5% 
tolerance before the reset condition is removed. 

The active low hardware reset can be pe rforme d by a 
capacitor value (usually >6//F) tied to the RESET pin or 
by driving it with the system reset signal. 

1.5 DIGITAL INTERFACE 

All four synchronous interface modes of operation are 
determined by CS during reset period as follows: 



Logic Level of 
CS During Reset 


SCLK 
Mode Select 
(SCLK| N/0 ut) 


Serial Interface Mode 








FREERUN 





1 


Gated SCLK 


1 





CS, SCLK Sou reed 


1 


1 


CS, SCLK External 



After the reset time, the SCLKin/out pin can be 
changed to switch between either (FREERUN and Gated 
SCLK) or (CS, SCLK Sourced and CS, SCLK External). 

The logic level of CS will not change the mode of 
operation of the ML2221 once the mode of operation is 
programmed during the RESET period. 



1.5.1 CS, SCLK External Mode 

CS starts a conversion. The SCLK is continuously driven 
into the ML2221 and data from the previous conversion 
is shifted out at the SCLK rate start ing at the first SCLK 
falling edge from the CS assertion. CS is normally kept 
low for all 16 bits of data, but can be brought back 
high after the desired number of bits have been shifted 
out. CS should be held low for a minimum of 124 
internal clocks (see Figure 8) for the conversion 
to complete. 

It takes 110 internal clocks to convert an analog signal 
into 13 bits of data plus 13 more clock periods to make 
data available. At a 5.0MHz clock and CCLK-^ - 0V, the 
maximum conversion rate is 49.6 microseconds or 124 
internal converter clocks. 

When CS is asserted (LOW) a conversion begins and 
the DO output becomes active. The ML2221 is ready to 
shift out the data serially. 

The BUSY output is in the high impedance state when 
the ML2221 is not selected. When CS input goes low, 
the BUSY output is driven high or low depending on if 
a conversion is in progress. Once a conversion begins, 
BUSY is held active for 123 internal converter clocks. 

The DO output is high impedance when the ML2221 is 
not selected. When CS input goes low, it is driven with 
the first bit of data initially, and then begins to put out 
all subsequent data bits on each FALLING edges of the 
serial clock (SCLK). Data is always output in 16 bit 
format: if the LSB is output first, the data is sign 
extended after 13 bits; if the MSB is output first, the 
data is zero-filled after 13 bits. DO remains driven as 
long as CS remains low. 



a. Serial Transmission < Conversion Time 




-CONVERSION TIME- 



J[ 



"V 



j — V 



CONVERSION 1 



y 



v 



CONVERSION 2 ■ 



y 



"V 



■ CONVERSION 3 , 



f 



\. 



- Illllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll 

- — innjuTJUuTr- — juuinrnirir- — juuuuinju 



XMIT PREVIOUS DATA 



NOTE: CONVERSION TIME EQUALS 124 INTERNAL CLOCK OR CCLK'S IF CCLK4- - "1" 

Notes: 

1. Use 10k pulldown resistor on BUSY pin to get "true" convert busy. 

2. If CS is brought high in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output shifter. 

Figure 8. CS, SCLK External Mode 
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1.5.2 CS, SCLK Sourced Mode 

Conversion is initiated by CS. In this mode, SCLK is 
sourced by the ML2221. At the end of the conversion, 
the device will provide a packet of 16 SCLKs to transmit 
the 16 bits data stream (see Figure 9). The data rate at 
which the data is being transmitted is (internal clock)/4. 
For example, when CCLK-^- = 1, CCLK = 256kHz, the 
data rate is 64Kbps. 

CS should be held low during the entire conversion 
and the transmission sequence. The time required to 
convert an analog signal is 110 clocks, with additional 



13 clocks to shift out the data. The total conversion 
time is therefore 123 clocks plus one bit delay. Data 
transmission will need 64 (16-bit x 4) internal clocks. 
Hence, the total clock cycles to complete one 
operation in this mode is 188 clocks. CS therefore 
should be held low for a minimum of 188 clocks. 

Example: If CCLK = 5 Mhz, CCLK-^ = 0, the maximum 
conversion time will be 752ns. Therefore, the maximum 
frequency for CS is 13.3kHz. 

In this mode, the data transmitted is always the 
current data. 



b. Serial Transmission > Conversion Time 



"""* 



-> 124 INTERNAL CLKS +- 



JMZTA 



jzzzzt\ 



jzmrx. 



CONVERSION 1 CONVERSION 2 CONVERSION 3 , 



a r 



■\_v 



oo — juinniuinj 1 - minium- 



XMIT 
PREVIOUS 



. XMIT DATA 1 



-tJIMMJIF- 



XMIT DATA 2 



■Tiuiwin 



H 



Notes 

1. UseJOK pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 

2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output 
shifter. 

Figure 8. CS, SCLK External Mode 



cs 

CONV 
BUSY 



\ 



/ V 



f 



. *110 © ■ *13 , *64 . 



© 



H 1 



JUNK 



DATA BIT 1 OF XMIT DATA 1 



DATA BIT 1 OF XMIT DATA 2 



DOi 



XMIT DATA 1 



XMIT DATA 2 



D0 2 



♦NUMBER OF INTERNAL CONVERTER CLOCKS OR C CLKS WITH C CLK^ = "1" 

Notes: 

1. UseJOK pulldown resistor on BUSY pin to get "TRUE" convert BUSY status. 

2. If CS is brought HIGH in the middle of a serial data transmission, the data transmission is aborted and the data is reloaded into the output 
shifter. 

Figure 9. CS, SCLK Sourced Mode 
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1.5.3 FREERUN Mode 

The FREERUN mode executes continuous back-to-back 
conversions at the rate of 110 internal converter clocks 
per conversion, and outputs 16 bits of data and 16 
corresponding SCLKS at the rate of 4 internal converter 
clocks per bit (see Figure 10). The ML2221 immediately 
begins converting after reset and starts outputting data 
after the first conversion. A conversion rate of 44 
microseconds can be achieved by using the maximum 
CCLK frequency. 

In the FREERUN mode, SCLK can not be sourced 
externally. The SCLK provided internally by the device 
is equal to (internal clock)/4. Since the converter is 
performing continuous conversion, BUSY is therefore 
always asserted. 

1.5.4 Gated SCLK Mode 

In this mode of operation, an external SCLK source 
must be used. This external SCLK should be a 16 clock 



packet which will be used by the converter to send out 
the data and initiate the conversion simultaneously (see 
Figure 11). 

The data transmitted by ML2221 is the data from the 
previous conversion (see Figure 11). Therefore, in order 
to ensure integrity of the first data byte, the first SCLK 
signal should be initiated after a minimum of 124 
internal clocks after reset. After the reception of the 
first SCLK signal, the converter will start the conversion 
process which is 124 clock as mentioned. Therefore the 
minimum time required between initiation of 
conversion by the SCLK should be no less than 124 
clocks. In the case of maximum CCLK at 5MHz, the 
miniumum time interval between two packets of SCLK 
should be 49.6//S. 

The BUSY output never floats and is asserted at the first 
SCLK and deasserted after 123 internal converter clocks. 
DO is always driven. 



r 



CONVERSION 



no © , ® , © , 



© 



© 



© 



SCLK(OUT) 



^5"^ 



///////////////////M wmiwmwwmvmm 

® ® ® ® 

♦NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK-^ - "1" 



© 



Note: DO is always driven. 



a. Serial Data Transmission < Conversion Time 



Figure 10. FREERUN Mode 
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X 
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© *13 

— 1 1 



® 



-A 1 
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>/////////////////////M\ 



DO D1 D2 
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DO D1 D2 



rmrr mEfl--- n rrn i vtwm, 



DATA© 



DATA© 



♦NUMBER OF INTERNAL CONVERTER CLOCKS OR CCLKS WITH CCLK-^- = "1" 
Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 



fife. Micro Linear 



2-41 



ML2221 



1.6 DATA FORMAT 



The MSB pin determines if the MSB or LSB data is 
transmitted first and in the following format. If more 
than 13 SCLK's occur. 



MSB = 1 



MSB = 



FIRST 


























LAST 


S 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 











ZERO FILL 
FIRST LAST 





1 


2 


3 


4 


5 


6 


7 


8 


9 


10 11 


S 


S 


S 


S 



SIGN 
EXTEND 



b. Serial Data Transmission > Conversion Time 



RESET 

CONVERSION 

BUSY 



X 



© 



H 1 \- 



© 



H 1 



13 14 15 16 



© 



12 3 4 5 



■ rLnruuinji__ruiruui 

DO D1 D2 D12 D13 D14 D15 DO D1 D2 D3 D4 

V//////////////////M TLTLTLn TLTTJ 



XMIT DATA© 
Note: Time from first SCLKt to seventeenth SCLKt must be greater than 124 internal converter clocks. 

Figure 11. Gated SCLK Mode 
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INSTRUCTION 
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BCLRn 


Bit Port C goes low (CS goes low) 




LDA 


Load contents of SPI data register into 
Ace. (Dqut MSBs) 




STA 


Start next SPI cycle 




AND 
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STA 


Store in memory location A (MSBs) 
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Test status of SPIF 




BPL 


Loop to previous instruction if not 
done with transfer 




BSETn 


Set BO of Port C (CS goes high) 




LDA 


Load contents of SPI data register into 
Ace. (Dqut LSBs) 




STA 


Store in memory location A + 1 (LSBs) 
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Figure 12. Interfacing to 68HC05C4 with a Dedicated Serial Port 
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Figure 13. Adjusting Zero Error 



Figure 14. 1 Mbps 8051 Interface 
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-5V TO +5V 
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ML2221 

V|N+ 
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Figure 15. Optical Isolated 8088 Interface 



ORDERING INFORMATION 



PART NUMBER 


LINEARITY 
ERROR 


TOTAL 
UNADJUSTED ERROR 


TEMPERATURE 
RANGE 


PACKAGE 


ML2221BCP 
ML2221BIJ 


±3/4 LSB 


±1% 


0°C to +70°C 
-40°C to +85°C 

0°C to +70°C 
-40°C to +85°C 


MOLDED DIP (P16) 
HERMETIC DIP (J16) 


ML2221CCP 
ML2221CIJ 


±1 LSB 


±2V 2 


MOLDED DIP (P16) 
HERMETIC DIP (J16) 
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Asynchronous Serial Interface 
12-Bit Plus Sign A/D Converter with S/H 



GENERAL DESCRIPTION 

The ML2223 is a member of Micro Linear's 1 2-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic SAR technique. All errors of the 
sample-and-hold are accounted for in the analog-to-digital 
converter's accuracy specification. 

These A/D converters have a maximum nonlinearity error 
over temperature of ±0.009% or ±0.01 2% of full scale. 

For easy interface to microprocessors, the ML2223 is 
designed to transmit data into RS-232 type ports. 

The ML2223 operates in an asynchronous mode of 
operation. In this mode, the A/D continuously transmits 2 
bytes in a 24-bit stre am, ins erting 8 idle bits between 
transmissions. When CURR input pin is tied high, 
transmission of the previous data begins immediately 
upon receiving a conversion start request. When CURR is 
low, transmission is started after a new conversion is 
completed. 

The serial data clock can be generated by the ML2223 or 
it can be provided by an external source. 

The serial interface provides LSB first data with 2's 
complement output coding. 



FEATURES 

■ RS-232 compatible asynchronous interface 

■ One-wire data transmission 

■ Continuous conversions 

■ Nonlinearity error ±3/4 LSB and ±1 LSB max 

■ Conversion time 

(including S/H acquisition) 45.6lis max 

■ Bipolar -5V to +5V analog input range with ±5V 
power supplies 

■ Harmonic distortion 0.01% 

■ No missing codes 

■ Self calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand I7VI beyond supplies 

■ 0°C to +70°C, -40°C to +85°C temperature range 

■ Standard 0.3" 16-pin DIP or 20-pin SOIC (wide) 



BLOCK DIAGRAM 



V|N+C 
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PIN CONFIGURATION 



ML2223 
20-Pin SOIC (S20W) 



viN+n~ 

viN-rr 

vrefq: 

vssn: 

NCQI 

ncq; 

INSCLK QI 

DCND QI 

SCLK [X 

DOUT H 



20 X AGND 

19 XI V CC 

18 X CCLK 

17 X CLKMODE 

16 X NC 

15 X NC 

14 X "Set 
13 X CURR 

12 X ^SERVED 

ii x BUSY 



ML2223 
16-Pin D«P(P1 6) 




PIN DESCRIPTION 



20 16 
PIN PIN NAME 



FUNCTION 



1 1 V| N + Positive differential analog input; 

range = V S s ^ V| N + < V C C/ 
l(V, N +)-(V, N -)l<V REF . 

2 2 Vin- Negative differential analog input; 

range = V S s ^ V, N - < V C c/ 
KVin+)-(V, n -)I<V ref . 

3 3 Vr E p Voltage reference input; referenced to 

analog ground. 

4 4 Vss Negative supply -5V ± 5%; decouple 

to AGND. 

7 5 INSCLK SCLK mode select. This pin is used to 
select SCLK pin as an input or an 
output. When INSCLK is high, SCLK is 
an input. When INSCLK is low, SCLK 
becomes an output pin. SCLK will 
then provide a clock at 1/1 28 or 1/256 
depending on how the CLKMODE pin 
is set-up. 



8 6 DGND Digital ground. 

9 7 SCLK Serial data transmit clock. The serial 

data will always be transmitted at the 
frequency of the clock present at this 
pin. The SCLK pin can be 
programmed as an input or an output 
by using the INSCLK pin (pin 5). When 
the SCLK is used as an output pin. The 
data rate will be the internal converter 
clock divided by 128. When 
CLKMODE = 1 , SCLK = CCLK/1 28. 
When CLKMODE = 0, 
SCLK = CCLK/256. 

10 8 Dqut Data out. Digital output which 

contains result of A/D conversion. The 
serial data is clocked out on falling 
edges of SCLK. 



20 16 
PIN PIN NAME 



FUNCTION 



1 1 9 BUSY Three-state active high BUSY status 

output. Normally low. Goes high to 
indicate that a conversion is in 
progress; de-asserted when conversion 
is complete and data is available from 
the conversion just completed. A 
pulldown resistor is recommended on 
this pin. 

12 10 RESERVED This pin should be tied to ground. 

13 11 CURR Current or previous data mode pin. 

When this pin is tied high, the data 
will be transmitted at the start of a 
conversion (previous data mode). 
When CURR is tied low, the data will 
then be transmitted at the completion of 
the conversion. 



14 12 RESET 



Active low reset. The RESET period is 
set by the time constant of the 
internal 100K pull up resistor and an 
external capacitor. After the RESET 
period the converter will be ready for 
accepting requests or will 
automatically start conversions/ 
transmissions based upon the mode. 

17 13 CLKMODE Clock mode pin. When CLKMODE 

pin = 1 , the internal converter clock = 
CCLK. When CLKMODE pin is tied 
low, the internal converter clock = 
CCLK/2. 

18 14 CCLK Clock input. Internal clock can be 

generated by tying a crystal from this 
pin to DGND or applying a clock 
directly to the pin. 

19 15 V C c Positive supply. +5 V ± 5% decouple 

to AGND. 

20 16 AGND Analog ground volts. Common 

mode reference point of the internal 
differential circuitry. 
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Lead Temperature (soldering 10 seconds) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

OPERATING CONDITIONS 

(Note 2) 

Temperature Range T M in ^ T A < T MAX 

ML2223BIJ, ML2223CIJ -40°C to +85°C 

ML2223BCP, ML2223CCP 0°C to +70°C 

Supply Voltage (V C c) 4.5V DC to 6.0V DC 

Negative Supply Voltage (Vss) -4.5Vdc to -6.0Vdc 

Reference Voltage (Vref) Vcc 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltage (V C c) 6.0V 

Negative Supply Voltage (Vss) -6.0V 

Voltage at Analog 

Inputs V ss - 7V to V C c + 7V 

Voltage at V REF V ss - 7V to V C c + 7V 

Input Current per Digital Pin ±10mA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range -65°C to +1 50°C 

Package Dissipation at 25°C (Board Mount) 875mW 



ELECTRICAL CHARACTERISTICS 

The following specifications apply for V C c = +5V ± 5%, V S s = -5V ± 5%, V REF = +4.75V, 
V|n- = AGND, V|n+ = -4.75V to +4. 75V, T^ = Tmin to Tmax unless otherwise specified. 



PARAMETER 



NOTES 



CONDITIONS 



ML2223BIJ, ML2223CIJ 



MIN 



TYP 
(NOTE 3) 



MAX 



ML2223BCP, ML2223CCP 



MIN 



TYP 
(NOTE 3) 



MAX 



Converter Characteristics 



Digital and DC Characteristics 
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UNITS 



Linearity Error 
ML2223BXX 
ML2223CXX 


4 


fcCLK = 0-1 <5MHz 






±3/4 
±1 






±3/4 
±1 


LSB 
LSB 


Unadjusted Zero Error 
ML2223BXX 
ML2223CXX 


4 








±3/4 
±2 






±3/4 
±2 


LSB 
LSB 


Unadjusted Positive and Negative 
Full-Scale Error 


4 








±5 






±4 


LSB 


Zero Error Temperature Coefficient 








0.5 






0.5 




ppmFS/ 
°C 


Gain Temperature Coefficient 








10 






10 




ppmFS/ 
°C 


Common Mode Rejection 


5,6 




80 






80 






dB 


Analog Input Source Resistance 


4 








2 






2 


kf2 


Analog Input Range 


4 


V|n+ Referred to Vin- 


-Vref 




+Vref 


-Vref 




+Vref 


V 


Analog Input Leakage Current 


4 








100 






100 


nA 


Voltage Reference Input Source 
Impedance 


4 








0.5 






0.5 


ka 


Reference Input Leakage Current 


4 








100 






100 


nA 



Power Supply Current 
'co v cc 
'SS/ v ss 


4 






30 
18 


50 
30 




30 
18 


50 
30 


mA 
mA 


Power Supply Rejection 
v C c 

Vss 


7 


DC 

DC to 25kHz 

DC 

DC to 25kHz 




80 
50 
80 
50 






80 
50 
80 
50 




dB 
dB 
dB 
dB 


V||_CLK/ Clock Input Low Voltage 


4 








0.8 






0.8 


V 


ViHCLK/ Clock Input High Voltage 


4 




3.5 




V C C 


3.5 




VCC 


V 


Ili, Input Leakage Current (CCLK) 


4 


DGND<V, N <V CC 






±200 






±200 


HA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



NOTES 



CONDITIONS 



ML2223BIJ, ML2223CIJ 



MIN 



TYP 
(NOTE 3) 



MAX 



ML2223BCP, ML2223CCP 



MIN 



TYP 
(NOTE 3) 



MAX 



UNITS 



Digital and DC Characteristics (Continued) 






















V|l, Input Low Voltage 


4 








0.8 






0.8 


V 


V|h, Input High Voltage 


4 




2.0 




Vcc 


2.0 




Vcc 


V 


Vol, Output Low Voltage 


4 


I l = 2.0mA 






0.45 






0.45 


V 


V H/ Output High Voltage 


4 


Iqh = -400liA 


2.4 






2.4 






V 


II, Input Leakage Current 
(except CLK) 


4 


DGND<V| N <V CC 






±10 






±10 


MA 


•hi-Z/ Output Leakage Current 


4 


cs>v iH 






±10 






±10 


MA 


Q, Input Capacitance 
(all digital outputs) 


5 






10 






10 




pF 


Cq, Output Capacitance 
(all digital outputs) 


5 






10 






10 




PF 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(NOTE 3) 


MAX 


UNITS 



AC Electrical Characteristics (Note 8) 



tc 


Conversion Time 


4,9 


fccLK = 5MHz (CCLKMODE = "0") 


45.6 






\1S 


fcCLKO 


Clock Frequency 


5,9 


Crystal (CCLKMODE = "0") 


0.3 




5 


MHz 




Driven (CCLKMODE = "0") 


0.1 




5 


MHz 


fcCLKO 


Clock Width 


5,9 


Driven (CCLKMODE = "0") 


High 


50 






ns 




Low 


50 






ns 


fcCLKI 


Clock Frequency 


5 


Driven (CCLKMODE = "1") 


0.05 




2.5 


MHz 


fcCLKI 


Clock Width 


5 


Driven (CCLKMODE = "1") 


High 


150 






ns 




Low 


150 






ns 


tSCLK, DO 


Serial Clock Low to DO Valid/Hold 


4 








190 


ns 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground 
Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 1 00% tested with temperature limits guaranteed by 1 00% testing, sampling, or by 

correlation with worst-case test conditions 
Note 3: Typicals are parametric norm at 25°C 
Note 4: Parameter guaranteed and 1 00% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 
Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
Note 8: All parameters measured from 0.8V to 2 0V, CL = 50pF. 
Note 9: Maximum frequency is IAclki (high) + t C LKi (low) + rise + fall times, which must be < 2.5MHz. 



J \^U V. 



A 



X 



tSCK, DOUT 



Serial Clock to Data Out Delay 
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Figure 1 . High Impedance Test Circuits and Waveforms 



1.0 FUNCTIONAL DESCRIPTION 

1.1 ALGORITHMIC A/D CONVERTER 

Micro Linearis algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult beyond 10 bits unless trimming is used. An 
algorithmic converter uses less circuitry and is more easily 
trimmed. Micro Linear's algorithmic converter is 
implemented using a 2x amplifier, a sample/hold amplifier 
and a comparator as shown in Figure 2. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample and hold. If the 2x input 
voltage is less than the reference, the MSB is a and the 
2x input voltage is stored in the sample and hold. This 
process repeats again, however now the sample and hold 
voltage is multiplied by 2. 



lMUXh »» 



The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 2, the 
algorithm for the circuit can be described as follows: 

Stepl lf(2xV lN )-V REF >0 
then MSB = 1 

(2 x V IN ) - V REF -> S/H 
else MSB = 

(2 x V, N ) -> S/H 

Step 2 If (2 x S/H) - V REF > 

then next bit = 1 

(2 x S/H) - V REF -» S/H 
else next bit = 

(2 x S/H) -» S/H 

Step 3 Repeat Step 2 until conversion complete. 




COMPARATOR 



Figure 2. Self Calibrating A/D Converter 
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Since the A/D converter handles bipolar inputs negative 
inputs are handled slightly differently using the same 
principle. 

1.1.1 Self Calibration 

In order to maintain integral and differential linearity in an 
algorithmic converter, two critical parameters need to be 
controlled, loop offsets and the gain of the loop. Loop 
offsets are automatically nulled before each conversion 
using auto-zeroing circuitry on both the sampling 
amplifier and the 2x amplifier. The gain of the loop is 
adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage at the input as well as the 
reference (Vref/Vref)/ and examining the output code. 
Converting Vref should yield plus full scale, since Vref/ 
Vref should equal 1 . If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with binary weighted 
trim capacitor arrays connected to each of the 2C input 
capacitors. A small value of capacitance is either added to 
or subtracted from the 2C input caps until the gain of the 
loop is within 13-bit accuracy. 

The self calibration and trimming is performed in the 
factory at wafer sort. This procedure is not available as a 
finished product. 

1.1.2 Conversion Times 

The following table lists the conversion times which 
include the sample and hold acquisition time. 



OPERATION MODE 


INTERNAL CLOCKS* 


FREERUN 


113 



1 .1 .3 Sample and Hold Timing 

Figure 3 shows the internal timing for the sample and hold 
circuitry. The relationship between the start of conversion 
and the input channel going into sample mode is fixed at 
6 internal clocks*. Six internal clocks after the start of 



conversion the sample and hold is switched into the 
sample mode, placing two 9pF capacitors in parallel with 
the input pins; one on V|n+ and one on V|n-. The sample 
switch is kept in the sample mode for 8 internal clocks 
(3.2lls at a 5MHz external clock), then placed in the hold 
mode. During the next 2 internal clocks the charge on the 
sample and hold is transferred into the A/D, after which 
the Vref P m ' s sampled for 8 internal clocks. 

*For a description of internal clocks see Clock section. 

1.2 ANALOG INPUTS 

1.2.1 Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2223 eliminate the effects 
of common mode input noise (60Hz for example), as V|n+ 
and V|n- are sampled at the same time. 

1.2.2 Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

1.2.3 Power Supply Decoupling 

Low inductance tantalum capacitors of 1uT or greater and 
0.01 uf disc ceramic capacitors are recommended for 
bypassing Vcc as well as V$s to AGND. These capacitors 
should be placed close to the Vcc and V$s pins. 

1.3 CONVERTER CLOCK 

The CCLK input can be driven with an external clock or a 
crystal referenced to DGND. The crystal must be parallel 
resonant with minimum capacitive loading, (i.e., no 
bypass caps should be used and leads should be kept 
short). 

If driven with external clock and if the CLKMODE pin is 
tied to Vco the frequency must be between 50KHz to 
2.5MHz with the requirement that clock LOW (tccLKiJ 
and clock HIGH (tccLKH) durations must be more than 
150ns. If the CCLKMODE pin is tied to ground then the 
frequency can be from 1 0OKHz to 5.0MHz. 

For crystal operation with the divide by two flip flop 
bypassed, and there is a 40 to 60% variation in duty cycle 
of the oscillator, the maximum crystal frequency is 
2.5MHz to insure that the minimum clock high and low 
times are greater than 1 50 nsec. 



E x cumode 1 =°«o» ruinnjuuuuirijuij^^ 



INTERNAL CLOCK 

OR EXTERNAL CLOCK 

CLKMODE = "1" 
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9 10 11 12 13 14 i15 16 il7 18 19 20 21 22 23 24 [25 26 



i i z s 4 a o i/ d y iu 1 1 \z \s it i ii> ib i i/ ih iy zv zi zz zs z<\ \zt> zb 

flJTjTJTJTJTJlJXjlJlJTJTJlJ^^ 



START OF CONVERSION 



SAMPLING INPUT 



■M SAMPLING REFERENCE - 



Figure 3. Sample and Hold Timing 
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1.4 RESET 



The RESET pin has an internal 100K pullup resistor. Power 
supplies must be stable to within a ±5% tolerance before 
the reset condition is removed. 

The active low hardware reset can be per formed by a 
capacitor value (usually >6uJ) tied to the RESET pin or by 
driving it with the system reset signal. 

1.5SCLK 

The SCLK is used to clock out the data to the transmission 
line via the Dqut P' n - The SCLK can be supplied either 
externally or internally through the use of the INSCLK pin. 
Maximum SCLK frequency is 625kHz. 

In applications where the internal SCLK is used, the SCLK 
is generated by dividing the internal clock by 128. For 
example, when 2.4576MHz crystal is used to generate 
CCLK, this will result in a 19.2Kbps data transmission rate 
(CLKMODE = 1). In the case where CLKMODE = 0, then 
the transmission rate will be 9.6Kbps. 

1.6 CONVERTER OPERATION 

There are two basic types of operation. By programming 
the CURR pin to "1 ", the device will be operating in the 
"Previous Data Mode" and when CURR pin = "0", the 
device is in the "Current Data Mode." 



The ML2223 performs continuous conversion. The 
conversion takes 110 clock periods and an additional 13 
clock periods are required for the device to shift out the 
data. In the Current Data Mode, the data are transmitted 
after the conversion is completed. 24-bit time of the SCLK 
(transmit clock) is required to transmit the full data frame 
and an additional 8-bit time of idle is needed before the 
next conversion begins. A total of 32-bit time delay of the 
SCLK is therefore needed between conversions (see Figure 4). 

In the Previous Data Mode, the data is transmitted at the 
start of the conversion (see Figure 5). 

1.7 DATA FORMAT 

The converter data is output in two data byte frame. Each 
frame has one start bit and two stop bits and each data 
byte consists of 8 bits of data and one parity bit. The data 
is transmitted LSB first (see Figure 6). 

The first data byte transmitted is the least significant byte 
with even parity and the second byte is the most 
significant byte with odd parity. Thus, the UART can 
identify the lower byte or the upper byte by observing the 
parity error flag in accordance to the parity check it has 
set-up. 



RESET 
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Figure 4. Current Data Mode. 
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Figure 5. Previous Data Mode. 
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START 
BIT 



m 



12 3 4 5 6 7 



El 



EVEN PARITY 
LOWER BYTE 



J 



STOP » 
BIT 



SIGN EXTENDED 
9 10 11 | S S S S |"p"f 



ODD PARITY 
UPPER BYTE 



J 



STOP 
BIT 



Figure 6. Data Format. 



APPLICATIONS (For detailed applications information, see Application Note 41) 



:£" 



£ 



INSCLK 
CLKMODE 



MHz -r ML2223 



9600 BAUDS 
» 



Figure 7. Remote Monitor System. 



ORDERING INFORMATION 



PART NUMBER 


LINEARITY 
ERROR 


TOTAL 
UNADJUSTED ERROR 


TEMPERATURE 
RANGE 


PACKAGE 


ML2223BCP 
ML2223BIJ 


±3/4 LSB 


±1 1/2 


0°C to +70°C 
-40°C to +85°C 


Molded DIP (PI 6) 
Hermetic DIP (J 16) 


ML2224CCP 
ML2223CCS 


±1 LSB 


±2 1/2 


0°C to +70°C 
0°C to +70°C 


Molded DIP (P1 6) 
Molded SOIC (S20W) 
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September 1 994 

ML2223EVAL 



12-BIT A/D Converter with PC Compatible 
Serial Interface Evaluation Kit 



GENERAL DESCRIPTION 

The ML2223 1 2-bit plus sign A/D Converter has an 
Asynchronous serial output designed specifically for the 
communications port (COM1 or COM2 etc.) of IBM PC- 
compatible computers. This is the same port used by the 
mouse or any other external serial port device such as 
modems and printers. The ML2223 evaluation kit is a 
combination of hardware and software to ease the 
interface between the PC and device without spending 
considerable time writing software or prototyping the 
circuit board. The board contains optional functions to set 
baud rate, reference voltage and analog multiplexing to 
allow user customization. The software provided ranges 
from a simple Assembly/C routine to a sophisticated GUI 
(Graphical User Interface) that furnishes software control 
over the hardware and an "oscilloscope" type display of 
the analog input. 



FEATURES 

■ RS-232 compatible asynchronous interface 

■ One or two-wire data transmission 

■ Assembly, C and LabWindows™ software provided 

■ 9600 or 19200 on-board baud rate generator 

■ 256Kbaud available with external generator 

■ DB9 connector for direct connection to COM port 

KIT CONTENTS 

■ ML2223EVAL Users guide 

■ ML2223 data sheet 

■ Fully populated, assembled and tested 
Evaluation board 

■ 3.5" Disk with PC-compatible software 

■ Gerber File 



OGND 0+5V 
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October 1 994 
PRELIMINARY 

ML2230 



|LtP Compatible 1 2-Bit Plus Sign A/D Converter 

with Sample and Hold 



GENERAL DESCRIPTION 

The ML2230 is a member of Micro Linear's 1 2-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic technique. The sample-and-hold, 
incorporated on the ML2230, has a differential input for 
noise immunity and power supply rejection. All errors of 
the sample-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

The ML2230B has a maximum non-linearity error over 
temperature of 0.01 8% of full-scale, and the ML2230C 
and ML2230D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to an 8-bit microprocessor bus 
without additional components, the ML2230 outputs the 
1 3-bit data result two 8-bit bytes. Data format is 2's 
complement. All digital signals are fully TTL and CMOS 
compatible. 

For interfacing to a 1 6-bit microprocessor bus the ML2233 
provides a 1 3-bit data result. 



FEATURES 

■ Resolution 1 2-bits + sign 

■ Conversion time 
(including S/H acquisition) 

■ Sample and hold acquisition 

■ Non-linearity error 

■ Low harmonic distortion 

■ No missing codes 

■ Self calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand I7VI beyond supplies 

■ Data transfer options — interrupt, DMA, or polling 

■ Outputs data in two 8-bit bytes 

■ Standard 24-pin DIP 



31.5lis max 

2. 3 lis max 

± 3 ALSBand±1LSBmax 

0.01% 
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ML2230 
24-Pin DIP (P24) 



AGND [ 


1 V_y 28 


] AVcc 


V|N+ [ 


2 


27 


] CLK 
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3 


26 


] WR 


Vref [ 


4 


25 


] RD 


Vss [ 


5 


24 


]CS 


DAV [ 


6 


23 


] A0 


SYNC [ 




22 


]A1 


DO [ 


8 


21 


]D7 


D1[ 


9 


20 
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D2 [ 


10 


19 


] DGND 


D3 [ 


11 


18 


]D5 


DVcc [ 


12 


17 
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PIN DESCRIPTION 

DIP PCC NAME FUNCTION 



DIP PCC NAME FUNCTION 



1 1 AGND Analog ground. 

2 2 V|n+ Positive differential analog input; 

range = V ss < V| N + < AV co 
KV in +)-(V,n-)I<V ref . 

3 3 V|n- Negative differential analog input; 

range = V ss ^ V, N - < AV CC/ 
KV|n+)-(V,n-)I<V ref . 

4 4 V RE p Voltage reference input; referenced to 

analog ground. 

5 5 Vss Negative power supply; decouple to 

AGND. 

6 8 DAV Data available; indicates a conversion 

has completed and data is available or 
calibration completed. 

7 9 SYNC In the slave mode, SYNC is a positive 

edge triggered input used to start a 
conversion. In master mode, SYNC 
is an output and indicates a 
conversion has occurred. 

Bidirectional data bit. 

Bidirectional data bit. 

Bidirectional data bit. 

Bidirectional data bit. 

DVcc Digital power supply. Tie to AV<x from 
same power supply. 



8 


10 


DO 


9 


11 


D1 


10 


13 


D2 


11 


14 


D3 


12 


15 


DV 



13 16 D4 Bidirectional data bit. 

14 17 D5 Bidirectional data bit. 

15 18,19 DGND Digital ground. 

16 20 D6 Bidirectional data bit. 

17 21 D7 Bidirectional data bit. 

1 8 22 A1 Address for the microprocessor 

interface to access any one of the four 
registers. 

1 9 23 A0 Address for the microprocessor 

interface to access any one of the four 
registers. 

20 24 CS Chip select; enables writing to or 

reading from. 

21 25 RD Read; enables ML2230 to drive 

data bus. 

22 26 WR Write; allows writing into the registers. 

23 27 CLK Clock input. Driven with an external 

clock or crystal referenced to DGND. 
The crystal must be parallel resonant 
with minimum capacitive loading, 
(i.e., no bypass caps should be used 
and leads should be kept short.) 

24 28 AVcc Positive analog power supply. 

Decouple to AGND. Tie to DV CC from 
same power supply. 



ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Supply Voltages (AV CC and DV CC ) 6.0V 

Negative Supply Voltage (V S s) -6.0V 

Voltage at Analog 

Inputs V S s - 7V to AV CC + 7V 

Voltage at V REF V S s - 7V to AV CC + 7V 

Input Current per Digital Pin ±10mA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range -65°C to +150°C 

Package Dissipation @ 25°C 875mW 

Lead Temperature soldering, 

Dual-In-Line Package (Plastic) 260°C 



OPERATING CONDITIONS 

(Note 2) 

Temperature Range 0°Cto70°C 

Supply Voltage (AV CC and DV CC ) 4.5V DC to 6.0V DC 

Negative Supply Voltage (Vss) ~4-5Vdc to -6.0V DC 

Reference Voltage (V REF ) 2.60V 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for V(x = +5V ± 5%, V$s = -5V ± 5%, Vref : 
V|N+ = -2.5V to +2.5V, Ta = T M | N to Tmax unless otherwise specified. 



2.500V, V, N - = AGND, 



PARAMETER 



NOTES 



CONDITIONS 



TYP 

MIN 



(NOTE 3) 



MAX 



UNITS 



Converter Characteristics 



Linearity Error 
ML2230BXX 
ML2230CXX 
ML2230DXX 


4 


fcCLK = 0.1 < 7MHz 
fccLK = 0.1 < 7MHz 
fccLK = 0.1 < 5MHz 






±3/4 
±1 
±1 


LSB 
LSB 
LSB 


Unadjusted Zero Error 
ML2230BXX 
ML2230CXX 
ML2230DXX 


4 








±3/4 
±2 
±2 


LSB 
LSB 
LSB 


Unadjusted Positive and Negative 
Full Scale Error 


5 








±4 


LSB 


Zero Error Temperature Coefficient 








0.5 




ppm/°C 


Gain Temperature Coefficient 








10 




ppm/°C 


Common-Mode Rejection 


5,6 




80 






dB 


Analog Input Source Resistance 


5 








2 


kQ 


Analog Input Range 


4 


V|n+ Refer to Vjn- 


-Vref 




+Vref 


V 


Analog Input Leakage Current 


4 








100 


nA 


Voltage Reference Input 
Source Impedance 


5 








0.5 


kQ 


Reference Input Leakage Current 


4 








100 


nA 



Digital and DC Characteristics 



Power Supply Current 
Alco Analog V C c 
Dlco Digital V C c 
•ss/ v ss 


4 






30 
10 
18 


50 
30 


mA 
uA 
mA 


Power Supply Rejection 
AV CC 

v S s 


7 


DC 

DC to 25kHz 

DC 

DC to 25kHz 




80 
50 
80 
50 




dB 
dB 
dB 
dB 


ViLCLK/ Clock Input Low Voltage 


4 








0.8 


V 


VihclK/ Clock Input High Voltage 


4 




3.5 




AV CC 


V 


lu, Input Leakage Current (CLK) 


4 


AGND<V| N <AV CC 






±200 


uA 


Vil, Input Low Voltage 


4 








0.8 


V 


V|h, Input High Voltage 


4 




2.0 




DV CC 


V 


Vql/ Output Low Voltage 


4 


Iql = 2.0mA 






0.45 


V 


Vqh/ Output High Voltage 


4 


Iqh = -400LIA 


2.4 






V 


li_, Input Leakage Current (except CLK) 


4 


AGND<V, N <AV C c 






±10 


uA 


Ihi-Z/ Output Leakage Current (D0-D7) 


4 


RD = CS = V, H 






±10 


MA 


Q, Input Capacitance (all digital inputs) 








10 




PF 


Co Output Capacitance 
(outputs DO to D7, and DAV) 








10 




pF 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(NOTE 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) 


tc 


Conversion Time 


4,9 


CLK Mode = 


fdK = 7.0MHz 
fcLK = 5.0MHz 


31.5 
44.0 






us 
us 




Sample and Hold Acquisition 


4,9 


CLK Mode = 


f CL K = 7.0MHz 
fci_K = 5.0MHz 






2.3 
3.2 


us 
lis 


fcl-KO 


Clock Frequency 


5,9 


Crystal (CLK Mode = 0) 
Crystal (CLK Mode = 0) 


3 

1 




7 
7 


MHz 
MHz 


tCLKO 


Clock Width 


5,9 


Driven 

(CLK Mode = 0) 


High 
Low 


50 
50 






ns 
ns 


fcLK1 


Clock Frequency 


5, 10 


Driven (CLK Mode =1) 


0.5 




(Note 11) 


MHz 


tCLK1 


Clock Width 


5,10 


Driven High 
(CLK Mode = 1 ) Low 


125 
125 






ns 
ns 


tAD 


Address Stable to Valid Data 


4 




150 






ns 


tAR 


Address Stable Before Read 


4 











ns 


tRA 


Address Hold After Read 


4 











ns 


tRR 


Read Pulse Width 


4 




150 






ns 


tRD 


Read Access 


4 








150 


ns 


tlZ/ toz 


Data Read to Hi-Z 


4 









50 


ns 


tRV 


Recovery Between Two Reads 
or Writes 


5 




250 






ns 


tRDCK 


Read to Clock Setup Time 


5, 12 




40 






ns 


tAW 


Address Stable Before Write 


4 











ns 


tWA 


Address Hold After Write 


4 











ns 


tww 


Write Pulse Width 


4 




150 






ns 


tDW 


Data Setup Before Write Trailing Edge 


4 




100 






ns 


tWD 


Data Hold After Write Trailing Edge 


4 











ns 


tWRCK 


Write to Clock Setup Time 


5,12 




40 






ns 


tCKDAV 


Clock to DAV Assert 


4,13 


C L = 50pF 




120 


220 


ns 


tSYNCCK 


SYNC Input to Clock Setup 


5,12 




40 






ns 


tSYNCN 


SYNC Input Width 


5 


(CLK Mode = 0) 
(CLK Mode = 1 ) 


6 
3 






1/fcLKo 
1/fcLKi 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(NOTE 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) (Continued) 


tCKSYNC 


External Clock to SYNC Output Delay 


5,13 


C L = 50pF 




150 


200 


ns 


tSYNCO 


SYNC Output Pulse Width 


5,13 


(CLK Mode = 0) 
(CLKMode=1) 






8 

4 


1/fO-KO 
1/fcLK1 


twRDAV 


Write Reg2 to DAV Rising Edge 


4,14 


C L = 50pF 






170 


ns 


tRDDAV 


Read RegO to DAV Rising Edge 


4,15 


C L = 50pF 






170 


ns 


tr,tf 


Rise and Fall 




All Inputs 






25 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: Devices are 1 00% tested with temperature limits guaranteed by 1 00% testing, sampling or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 1 00% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range. 
Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
Note 8: All parameters measured from 8V to 2.0V, C L = 1 0OpF 
Note 9: CK1 X bit in control register = 0. 
Note 10: CK1 X bit in control register = 1 . 

Note 11: Maximum frequency is IAclki (high) + tcuo (low) + rise + fall times and < 3 5MHz. 
Note 12: Setup time required for synchronous start of conversion. 

Note 13: In CLK mode = (CK1 X bit in control register = 0) start of conv ersion will occur at specified time, or time plus one fci_K0 period (see Figure 5). 
Note 14: Writing a control register bit with a one will acknowledge the DAV condition and de-assert DAV output. 
Note 15: In start mode = 1 , a read from location "0" will start the next conversion and de-assert the DAV output. 



TIMING DIAGRAMS 



X 



/ 



\ 



X 



t 



X 



-tiz,toz 



K 



Figure 1 . Read Cycle 



A0,A1,CS 



X 



-tAW- 



I 



X 



-tow- 



X 



- tWA 



x: 



x 



Figure 2. Write Cycle 
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TIMING DIAGRAMS 


(Continued) 










V 

\ 


CLK, MODE = 1 


\ 
/ 


s 


/ 




\ 










/ 




CLK, MODE = 


i 


■< — tcKDAV 


/ \ 


DAV 


\ 


/ 










/ 


< — tWRDAV — ► 




WR 








\ 






CLK, MODE = 1 


\ 
/ 




/ 


/ 


\ 












CLK, MODE = 


t 


< — tcKDAV 




\ 


DAV 


^ 


/ 


( 














■< — tRDD 




RD 




FIRST BYTE 




A 


/ 






SECOND BYTE 



DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 

NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 



Figure 3. Data Available 



CLK, MODE = 1 
CLK, MODE = 

SYNC OUT 



■\ r^, / 



Ji \ / v 

► -<— tCKSYNC — ► ■<— tCKSYNC 

P " f 



Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 



START OF CONVERSION 
(NOTE 2) 



START OF CONVERSION 
(NOTE 3) 



CLK 
(NOTED 



SYNC IN 
(START MODE 3) 

(M/S = 0) 



/ V 



/ 



WR 
(START MODE 0) 



A / 



RD 
(START MODE 1) 



V 



/ 



~\ / V. 



*A 



TO 



NOTES: 

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

2. IN CLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 

3. IN CLK MODE 0, WILL OCCUR EITHER AT TO OR T1 IF SETUP TIMES ARE MET. 



Figure 5. Start of Conversion (Start Mode 0, 1, 3) 



BLOCK DIAGRAM 



"~3. 



1 o 

MUX S 



V|N+ ► 

V|N ** 

Vref ► 



AGND >- 

Vss ► 

AVcc >> 



12-BIT 
+ SIGN 
A/D, 
SAMPLE AND 
HOLD 



^> 



DATA CLOCK 
GENERATOR 



TEMPORARY 
REGISTER 



DATA BUFFER 
REGISTER 



START 
LOGIC 



2 £ SMDE 



CONTROL 
REGISTER 



CALCODE 
HOLDING 
REGISTER 



C 



^> 



DATA 
BUS 



SYNC 
LOGIC 



DAV 
LOGIC 



<=£ 



A DATA 

l/ I/O 

BUFFERS 



¥> 




^J^ 



Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 

ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 1 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample and hold. If the 2x input 
voltage is less than the reference, the MSB is a and the 
2x input voltage is stored in the sample and hold. This 
process repeats again, however now the sample and hold 
voltage is multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Stepl lf(2xV, N )-V REF >0 
then MSB = 1 

(2 x V, N ) - V REF -» S/H 
else MSB = 

(2 x V, N ) -> S/H 

Step 2 If (2 x S/H) - V REF > 

then next bit = 1 

(2xS/H)-V REF ->S/H 
else next bit = 

(2 x S/H) -> S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the A/D converter handles bipolar inputs, negative 
inputs are handled slightly differently using the same 
principle. 



VlN 



|MUXh »> 



TRIM 
CAPS 



TRIM 
CAPS 



Hy 






KxVref 



GAIN OF LOOP = X2 



S/H 



Vref 
K = 1,0,-1 



COMPARATOR 



Figure 7. Self Calibrating A/D Converter 
SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled 
before each conversion using auto-zeroing circuitry on 
both the sampling amp and the 2x amp. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (V REF /V REF ), and examining the output code. 
Converting V REF should yield plus full scale, since V REF / 
V REF should equal 1. If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1 s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 1 3 bit accuracy of 2. 
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CONVERSION TIMES 

The following table lists the conversion times which 
include the sample and hold acquisition time. For a 
CALRD and CALVVR no A/D conversion actually takes 
place. 



OPERATION 


# OF INTERNAL CLOCKS 


8 bit A/D 


80 


13 bit A/D 


110 


CALWR 


52 


CALRD 


80 



SAMPLE AND HOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of 
Conversion" and the input channel going into sample 
mode is fixed at 6 internal clocks*, regardless of the Start 
Mode. Six internal clocks after the Start of Conversion the 
Sample and Hold is switched into the sample mode, 
placing two 9pF capacitors in parallel with the inputs 
pins; one on V| N + and one on V| N -. The sample switch is 
kept in the sample mode for 8 internal clocks (2.3us at a 
7MHz external clock), then placed in the hold mode. 
During the next 2 internal clocks the charge on the sample 
and hold is transferred into the A/D, after which the Vref 
pin is sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in 
Master Mode during a conversion (M/S = 1 Control High 
Byte register) and Start Mode 0, 1 , or 2. SYNC is activated 
one internal clock cycle after the Start of Conversion and 
lasts for four internal clocks. 

*For a description of internal clocks see Clock section. 



ANALOG INPUTS 

Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2230 eliminate the effects 
of common mode input noise (60Hz for example), as 
V|n+ and V||m- are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

Low inductance tantalum capacitors of 1 jliF or greater and 
0.01 liF disc ceramic capacitors are recommended for 
bypassing AV<x as well as V$s to AGND. These capacitors 
should be placed close to the AVcc and V$s pins. 

MICROPROCESSOR INTERFACE 

There are four 8-bit directly addressable registers; two 
Data Buffer registers and two Control registers. The data 
buffer registers provide the conversion results. The data 
registers are double buffered, allowing one result to be 
read while the next sample is being converted. The data 
registers also allow access to the algorithmic converter's 
calibration code. Normally the ML2230 is operated 
without ever accessing these registers. (Refer to 
Diagnostics for more information). The two Control 
registers provide complete control and status information. 
These four registers are addressed by pins A0 and A1 . 



EXTERNAL 

CLOCK 

(CLK MODE 0) 



riniuijinjimrinjTJTJT^^ 



INTERNAL >1 2 3 4 5 6 17 8 9 10 11 12 13 14 1 15 16 1 17 18 19 20 21 22 23 24 1 25 26 

clock ITJTJlJTXlJlJXnJTJTJTJTJTJ^^ 

OR (CLK MODE 1) II II I 



SYNC PIN 
(MASTER MODE) 



START OF CONVERSION 



SAMPLING INPUT 



-SAMPLING REFERENCE- 



Figure 8. Sample and Hold Timing 
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All data is returned from the converter In sixteen bit two's 
complement format, right hand justified, with the sign bit 
extended across the most significant bits 

Cycle +Max -Min Zero 



13 



OFFF 
007F 



F000 
FF80 



0000 
0000 



REGISTER DESCRIPTION 

REGISTER — DATA BUFFER LOW BYTE: 

Register contains the low byte result of the latest 
conversion when read. Depending on the Start Mode 
selected, reading or writing to this register may start the 
next conversion. 

REGISTER 1 — DATA BUFFER HIGH BYTE: 

Register 1 contains the high byte result of the latest 
conversion when read. 

REGISTER 2 — CONTROL REGISTER LOW BYTE: 

Bit (DAV status when READ/DAVACK acknowledge 
when a ONE is written): 

Reading DAV = 1 indicates that new data is available or a 
calibration is complete. If both data bytes have been read, 
DAV will be cleared automatically. This bit can be 
explicitly acknowledge d by writing a ONE to it; writing a 
zero has no effect. The DAV output pin always reflects the 
DAV status bit. 



Bit 1 (BUSY status when READ/RESET when a ONE 
is written): 

Reading BUSY = 1 indicates that a conversion or 
calibration is in progress. Writing a ONE will force a chip 
reset. Writing a zero has no effect. 

RESET DEFAULT CONDITIONS: 

Both Control registers will automatically be cleared. Both 
Data Buffer registers will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY 
bit is cleared. Since the DAV status bit is cleared, the 
DAVB output is inactivated (high). The SYNC pin is forced 
to be an input as a result of clearing the M/S bit in the 
Control High Byte register. 

Bit 2 (ADRDY status when READ/DOCAL request when a 
ONE is written): 

Reading ADRDY = indicates that the converter has not 
been calibrated since the last reset, and ADRDY = 1 
indicates that is has been calibrated since the last reset. 
Writing a ONE will force the converter to do a calibration; 
writing a zero has no effect. 

Bit 3 (SC: Short cycle select): 
Selects 8 or 1 3 bit conversions. 

SC = 0: 1 3-bit conversion (default) 
SC = 1 : 8-bit conversion (short cycle) 



DATA BUFFER |~ 
LOW BYTE L- 



ADDRESS 
A1 A0 

] 00 [ 



CALCODE HOLDING LOW BYTE REGISTER 



— ' IF 



START CONVERSION 
SMDE = OR 2 



DATA BUFFER 
HIGH BYTE L 



D15 D14 D13 D12 D11 



] « c 



CALCODE HOLDING HIGH BYTE REGISTER 



CONTROL LOW I ~ 
BYTE 1 



ADRDY BUSY DAV 



00: START IF REG0 IS WRITTEN - 

01 : START IF REG0/1 IS READ - 

1 0: CONTINUOUS CONVERSIONS - 

AFTER REG IS WRITTEN 

1 1 : START IF SYNC GOES HIGH - 



SHORT CYCLE = 13-BIT, 1 = 8-BIT - 

CHIP CALIBRATED STATUS - 

CONV BUSY STATUS - 

DAV STATUS- 



] [ 



CONTROL HIGH f~ 
BYTE>- 



1 



DMA L/H CK1X M/S 



r 



13 



DOCAL RESET 



ACK 



WRITING 1 
ACKNOWLEDGE DAV 

WRITING 1 RESETS THE CHIP 

I WRITING 1 REQUEST A CALIBRATION 

SHORT CYCLE 

I START MODES 



11 | | DMA | L/H | CK1X | M/S | 



t: 



NORMAL A/D CONVERSION 



TEST MODE 

0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT) 

' 1 : MASTER MODE, SYNC IS AN OUTPUT 

0: faK = DIVIDED BY 2 INTERNALLY (DEFAULT) MAXIMUM INPUT CLOCK FREQUENCY IS 8MHz 

1 : faK = 1 1 MAXIMUM INPUT CLOCK FREQUENCY IS 4 MHz 
0: HIGH BYTE IS READ FIRST THEN LOW BYTE 
1 : LOW BYTE IS READ FIRST THEN HIGH BYTE 

0: NON DMA MODE. REGOO HAS LOW BYTE, REG01 HAS HIGH BYTE (DEFAULT) 

1 : DMA MODE. READ REGOO TWICE TO GET BOTH BYTES 



Figure 9. Register Description 
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Note: For 8-bit conversions in non-DMA mode, only one 
byte needs to be read. This can be accomplished by 
setting L/H = 0, DMA = and reading the Data Low Byte 
register. In DMA mode both bytes need to be read. 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 
(default) 

01 Start Conversion upon reading register if 

L/H = 0, or Start Conversion upon reading register 
1 if L/H = 1 . In DMA mode both bytes need to be 
read. The second byte read will Start Conversion. 

1 Start Continuous Conversions upon writing to 
register 0. 

1 1 Start on external SYNC input going high 
(Requires Slave mode: M/S = 0) 

Bits 7,6 (reserved): 

These bits are reserved by Micro Linear and must be 

written as zero. 

Register 3 (Control Register High Byte): 

Bits 2,1,0 (TMDE: test mode select bits) 
These bits are used for diagnostic purposes only and 
normally not accessed during operation. The default value 
of TMDE is 000 which selects a normal A/D conversion. 
See Diagnostics for more information. 



TMDE Description 



Normal A/D Conversion 

Reserved by Micro Linear (Do Not Use) 

CALWR Operation 

CALRD Operation 

System Offset 

Common-mode 

Plus Full Scale 

Minus Full Scale 



000 
001 
010 
011 
100 
101 
110 
111 

Bit 3 (M/S: Master/Slave bit): 

Dictates whether the SYNC pin is an input or an output. 

Upon RESET, this bit is cleared. 



M/S = 0: Slave Mode 



M/S = 1 : Master Mode 



SYNC is an input which is used 
to trigger a conversion if 
SMDE= 11. 

SYNC is an output. At the 
beginning of every conversion, 
SYNC is high for 4 internal 
clocks. 



Bit 12 (CK1X: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section 
for a detailed explanation. 



reading register (Low Byte) will de- 
assert DAVB 

reading register 1 (High Byte) will de- 
assert DAVB 



CK1 X = 0: the external clock is divided by two and 

used as the internal clock. This is referred 
to as CLK Mode = 0. 

CK1 X = 1 : the external clock input is used directly 

as the internal clock. This is referred to as 
CLK Mode = 1 . 

Bit 5 (L/H: Low Byte/High Byte): 

In non-DMA mode the L/H bit defines whether DAVB is 
deactivated by reading the Data Low Byte or Data High 
Byte. In DMA mode, the L/H bit defines the order in 
which the Low/High Data Bytes are presented to the data 
bus. DMA mode automatically deactivates DAVB after 
both bytes are read. 

*non-DMA mode: DMA = 

L/H = 0: 

L/H = 1 : 

*DMA mode: DMA = 1 

L/H = 0: the first read is the Data High Byte, and 

the second read is the Data Low Byte, 
then DAVB output is de-asserted 

L/H = 1 : the first read is the Data Low Byte, and 

the second read is the Data High Byte, 
then DAVB output is de-asserted. 

Bit 6 (DMA: DMA mode bit): 

This bit allows both high and low bytes from the 1 3 bit 
conversion to be read from one address; either Data Buffer 
Low Byte or Data Buffer High Byte registers. 

DMA = The high byte of the conversion will 

always be read from the Data Buffer High 
Byte register and the low byte of the 
conversion will always be read from the 
Data Buffer Low Byte Register. 

DMA = 1 : Both high and low bytes of the 

conversion can be read from either the 
Data Buffer High or Low Byte Registers. A 
DMA controller, microprocessor, or other 
I/O device can use a single I/O address to 
read both the low and high bytes of the 
conversion. The order in which the high 
and low data bytes are presented is 
defined by the L/H control bit. 

Note: This feature is not restricted to DMA controllers. It is 
an I/O option which may be used by a DMA controller, 
microprocessor, or any other type of I/O device. 

Bit 7 (Reserved by Micro Linear) 

This bit is not used. When written use zero. 
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GENERAL OPERATING INFORMATION 

CONVERSION-START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Low Byte 
Register. 

SMDE 
Bits 5,4 

00: A write to register will start a conversion. 

During a conversion, if another write is issued to 
register 0, the "Start Conversion" command will 
be latched and another conversion will 
immediately follow the current one. To insure that 
the second write will be latched, it must occur at 
least 3 internal clocks after the first write. Only 
one additional write will be latched; multiple 
writes within a conversion will only yield one 
more conversion. 

01 : Reading the data from the previous conversion 
starts the next conversion. Start Conversion upon 
reading register if L/H = 0, or Start Conversion 
upon reading register if L/H = 1 . In DMA mode 
both bytes need to be read. The second byte read 
will Start the Conversion. 

1 0: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 
will start the first conversion; thereafter the 
converter runs continuously. This mode yields the 
maximum conversion rate. 

1 1 : The SYNC input triggers the start of a conversion. 
The M/S bit in the Control High Byte Register 
must be cleared, placing the chip in the slave 
mode. 



Note: the external activation for Start Modes 0, 1 , and 3 
are synchronized internally to the system clock. If periodic 
sampli ng is required using these Start Modes, the SYNC, 
RD, or WR pulses must be synchronized to the system 
clock. Start Mode 2 guarantees periodic sampling. 

DOUBLE-BUFFERED DATA REGISTER 

The A/D conversion result is double-buffered using the 
Data Buffer registers and the A/D Data register. The actual 
End-Of-Conversion (EOC) does not correspond with the 
DAVB output going low. The DAVB output goes low 1 6 
internal clocks after the EOC. From the time DAVB output 
goes LOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read two 
data bytes as shown in Figure 10. 

SELF CALIBRATION 

Setting the DOCAL bit issues a calibration request to the 
chip. When calibration is done, the DAV status bit is set 
and the DAVB output goes low. 

A calibration requires 8,260 internal clocks. Using a 
7MHz clock (CLK Mode = 0), this approximately 2 ms. 
Power supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The ML2230 should be calibrated before any conversions 
are attempted. Calibrations must not be performed 
simultaneously with conversions. Before requesting a 
calibration, the user may want to read the Busy status bit 
to make sure that the converter is idle. Polling the chip 
while the calibration is in progress is not recommended. 



START OF CONVERSION 1 



START OF CONVERSION 2 
END OF CONVERSION 1 



START OF CONVERSION 3 
END OF CONVERSION 2 



- CONVERSION 1- 



-CONVERSION 2 - 



DATA 1 AVAILABLE 



- CONVERSION 3 » 

, DATA2AVAI LABLE 



Figure 10. 
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CLOCK 

The ML2230 has the option of dividing the clock at the 
CLK pin by 2, or using it directly to drive the internal 
logic. This option is selected through the CK1 X bit in the 
Control register. When CK1X = the clock is divided by 
2. This is referred to as CLK Mode = 0. The clock at the 
CLK pin is referred to as the External clock, and the 
Internal Clock is the External clock divided by 2. When 
CK1 X = 1 , the clock at the CLK pin drives the internal 
logic directly, therefore this clock is referred to as the 
Internal clock. This is also known as CLK Mode = 1 . All 
internally clocked logic is positive edge triggered. 

CLK Mode = 0: 

There are two advantages to CLK Mode 0. This is the only 
Mode that allows an external crystal to be used. CLK 
Mode 1 cannot operate with an external crystal, the CLK 
pin must be driven. The second advantage of CLK Mode 
is that the duty cycle for a driven clock is less stringent 
than in CLK Mode 1 . (Refer to tcLKO arj d tcLKi ' n AC 
Electrical Characteristics for CLK Mode and 1 timing 
requirements, respectively.) 

On power up the state of the divide by two flip-flop is 
indeterminate. Therefore the relationship between the 
internal clock and the external clock at the CLK pin can 
have one of two possibilities as shown in Figure 1 1 . As a 
result the following should be considered. 



twRCK, tRDCK, and tsYNCCK specs, (RD, WR, and SYNC 
setup times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an 
uncertainty of one external clock period. 

If periodic sampling is necessary and Start Mod e 0, 1 or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external periods, 
half the pulses would correspond with the rising edge of 
the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the CLK mode. 

CLK Mode = 1: 

This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. CLK Mode 1 also eliminates the 
uncertainty of the tyvRCK/ tRDCK and tsYNCCK requirements. 



EXTERNAL i 1 i 1 i 1 r- 

CLOCK 
(CLK MODE = 0) 1 1 1 1 1 1 1 




| 


1 


INTERNAL 
CLOCK* 


"1 


r 



♦INTERNAL CLOCK MAY BE ONE OF THE TWO ABOVE IN CLK MODE = 



Figure 1 1 . 
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DIAGNOSTICS 

Diagnostics routines may be run after power up or any 
other time to ensure proper operation. The diagnostic 
features, which are software selectable, don't require 
external hardware. Both the analog and digital sections 
can be tested. 

The ML2230 is placed in the diagnostic mode via the 
TMDE field in the Control High Byte Register. Once the 
ML2230 is placed in one of the diagnostic modes, a 
conversion must be executed before the results can be 
read. As with all conversions, DAVB will be activated 
upon completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 

Selects normal A/D conversion. Default condition after a 

software reset. 

TMDE = 001 : Reserved by Micro Linear. 

TMDE = 0101: CALWR operation 
The data in Write register and 1 (CALCODE Holding 
Register), are transferred into the converter's Calibration 
register when a "Start Conversion" is issued. A dummy 
conversion occurs and the DAVB output goes LOW to 
indicate that the operation is complete. 

TMDE = 011 : CALRD operation 
The contents of the Calibration register are transferred 
through the A/D Data register and loaded into the Data 
Buffer register. A dummy 8-bit conversion occurs and 
DAVB output goes LOW to indicate that the CALRD 
operation is complete. 



TMDE = 100: System Offset 

The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the A/D converter and Sample/ 
Hold combination. The V|n+ and Vin- pins will remain in 
a high impedance state while in this mode. 

TMDE =101: Common-mode 

Both the positive and negative inputs of the Sample and 
Hold are tied to Vref- The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE =110: Positive Full Scale 
This test mode connects the positive input of the Sample 
and Hold to Vref and the negative input of the Sample 
and Hold to analog ground. The result of converting in 
this test mode is a value near positive full scale. 

TMDE = 111 : Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to Vref- 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2230's architecture provides a way for the 
microprocessor to indirectly read and write to the A/D 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digital loopback. 
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Figure 1 2. Digital Loopback 
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When the TMDE bits are set to 01 CAL WRITE (CALWR), 
and a Start Conversion is issued in any one of the four 
modes, the contents of the CALCODE Holding Low Byte 
and High Byte registers are transferred into the A/D 
converter's Calibration register. When the TMDE bits are 
set to 011 CAL READ (CALRD), and a Start Conversion is 
issued, the contents of the Calibration register are 
transferred through the A/D's Data register into the Data 
Buffer Low Byte and Data Buffer High Byte registers. The 
result of these two operations is a complete loopback from 
the CALCODE Holding registers through the A/D 
converter and back into the Data buffer registers. This 
loopback provides user assurance that all the paths are 
clear and there are no stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be 
restored before the converter is used to convert data. 



CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the 
Calibration register. If the Low Byte of the data buffer 
register is all ones after executing a CALRD, the 
calibration failed; otherwise the calibration is successful. 
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Figure 1 3. Interfacing to 8048 Microcontroller 
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Figure 14. Interfacing to 6800 Microprocessor 



ORDERING INFORMATION 



PART NUMBER 


LINEARITY 
ERROR 


MINIMUM 
CONVERSION 


TEMPERATURE 
RANGE 


PACKAGE 


ML2230BCP 
ML2230CCP 
ML2230DCP 


±3/4 LSB 
±1 LSB 
±1 LSB 


31.5^s 
31.5|is 
44.0ns 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Plastic DIP (P24) 
Plastic DIP (P24) 
Plastic DIP (P24) 
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jiP Compatible 12-Bit Plus Sign A/D Converter 

with Sample and Hold 



GENERAL DESCRIPTION 

The ML2233 is a member of Micro Linear's 12-bit plus 
sign CMOS A/D converter family utilizing a self 
calibrating algorithmic technique. The sample-and-hold, 
incorporated on the ML2233, has a differential input for 
noise immunity and power supply rejection. All errors of 
the sample-and-hold are accounted for in the analog-to- 
digital converter's accuracy specification. 

The ML2233B has a maximum non-linearity error over 
temperature of 0.01 8% of full-scale, and the ML2233C 
and ML2233D have a maximum non-linearity error over 
temperature of 0.024% of full scale. 

Designed to interface to a 1 6-bit microprocessor bus 
without additional components, the ML2233 outputs the 
1 3-bit data result in one word. Data format is 2's 
complement. All digital signals are fully TTL and CMOS 
compatible. 

For interfacing to an 8-bit microprocessor bus the ML2230 
provides a 1 3-bit data result in two 8-bit bytes. 



FEATURES 

■ Resolution 1 2-bits + sign 

■ Conversion time 
(including S/H acquisition) 

■ Sample and hold acquisition 

■ Non-linearity error 

■ Low harmonic distortion 

■ No missing codes 

■ Self calibrating — maintains accuracy over time 
and temperature 

■ Inputs withstand I7VI beyond supplies 

■ Data transfer options — interrupt, DMA, or polling 

■ 1 3-bit result for 1 6-bit bus interface 

■ Standard 28-pin DIP 



31.5jLis max 

2.3jxs max 

±3/4LSBand±1LSBmax 

0.01% 
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PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 AGND Analog ground. 

2 V|n+ Positive differential analog input; 

range = V ss ^ V !N + < AV C o 
I(V|n+)-(V,n-)I<V RE f. 

3 V||si- Negative differential analog input; 

range = Vss ^ Vin- < AVco 
I(Vin+)-(V,n-)I<Vre F . 

4 Vref Voltage reference input; referenced to 

analog ground. 

5 Vss Negative power supply; decouple to 

AGND. 

6 DAV Data available; indicates a conversion 

has completed and data is available or 
calibration completed. 

7 SYNC In the slave mode, SYNC is a positive 

edge triggered input used to start a 
conversion. In master mode, SYNC 
is an output and indicates conversion 
start. 

8 DO Bidirectional data bit. 

9 D1 Bidirectional data bit. 

1 D2 Bidirectional data bit. 

11 D3 Bidirectional data bit. 

1 2 D4 Bidirectional data bit. 

13 D5 Bidirectional data bit. 

14 D6 Bidirectional data bit. 



PIN# 


NAME 


FUNCTION 


15 


DV CC 


Digital power supply. 


16 


D7 


Bidirectional data bit. 


17 


D8 


Bidirectional data bit. 


18 


D9 


Bidirectional data bit. 


19 


D10 


Bidirectional data bit. 


20 


DGND 


Digital ground. 


21 


D11 


Bidirectional data bit. 


22 


D12 


Bidirectional data bit. 


23 


A0 


Address for the microprocessor 
interface to access registers. 


24 


CS 


Chip select; enables writing to or 
reading from. 


25 


RD 


Read; enables ML2233 to drive 
data bus. 


26 


WR 


Write; allows writing into the registers. 


27 


CLK 


Clock input. Driven with an external 



28 AV CC 



clock or crystal referenced to DGND. 
The crystal must be parallel resonant 
with minimum capacitive loading, 
(i.e., no bypass caps should be used 
and leads should be kept short.) 

Positive analog power supply. 
Decouple to AGND. Tie to DVcc from 
same power supply. 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltages (AV CC and DV CC ) 6.0V 

Negative Supply Voltage (Vs S ) -6.0V 

Voltage at Analog 

Inputs V S s - 7V to AV CC + 7V 

Voltage at V REF V ss - 7V to AV CC + 7V 

Input Current per Digital Pin ±10mA 

Input Current at Analog Inputs ±20mA 

Storage Temperature Range -65°C to +150°C 

Package Dissipation @ 25°C 875mW 

Lead Temperature (soldering, 10 seconds) 

Dual-ln-Line Package (Plastic) 260°C 



OPERATING CONDITIONS 

(Note 2) 

Temperature Range 0°C to 70°C 

Supply Voltage (AV CC and DV C c) 4.5V DC to 6.0V DC 

Negative Supply Voltage (Vss) -4-5Vdc to -6.0V DC 

Reference Voltage (V REF ) 2.60V 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply for AVcc = DVcc = 5V ± 5%, V$s = 
V| N + = -2.5V to +2.5V, Ta = T MIN to T M ax unless otherwise specified. 



-5V ± 5%, V REF = 2.500V, V| N - = AGND, 



PARAMETER 



NOTES 



CONDITIONS 



TYP 
MIN 



(NOTE 3) 



MAX 



UNITS 



Converter Characteristics 



Linearity Error 
ML2233BCJ 
ML2233CCJ 
ML2233DCJ 


4 


fcCLK = 0.1 < 7MHz 
fcCLK = 0.1 < 7MHz 
fcCLK = 0.1 < 5MHz 






±3/4 
±1 
±1 


LSB 
LSB 
LSB 


Unadjusted Zero Error 
ML2233BCJ 
ML2233CCJ 
ML2233DCJ 


4 








±3/4 
±2 
±2 


LSB 
LSB 
LSB 


Unadjusted Positive and Negative 
Full Scale Error 


5 








±4 


LSB 


Zero Error Temperature Coefficient 








0.5 




ppm/°C 


Gain Temperature Coefficient 








10 




ppm/°C 


Common-Mode Rejection 


5,6 




80 






dB 


Analog Input Source Resistance 


5 








2 


kQ 


Analog Input Range 


4 


V|n+ Referred to Vin- 


-Vref 




+Vref 


V 


Analog Input Leakage Current 


4 








100 


nA 


Voltage Reference Input 
Source Impedance 


5 








0.5 


kn 


Reference Input Leakage Current 


4 








100 


nA 



Digital and DC Characteristics 



Power Supply Current 
Alco Analog Vcc 
Dice, D'g'tal V CC 
Iss, v ss 


4 






30 
10 
18 


50 
30 


mA 

LlA 

mA 


Power Supply Rejection 
AV CC 

Vss 


7 


DC 

DC to 25kHz 

DC 

DC to 25kHz 




80 
50 
80 
50 




dB 
dB 
dB 
dB 


Vilclio Clock Input Low Voltage 


4 








0.8 


V 


Vihclk, Clock Input High Voltage 


4 




3.5 




AV CC 


V 


lu, Input Leakage Current (CLK) 


4 


AGND <V| N < AV CC 






±200 


uA 


Vil, Input Low Voltage 


4 








0.8 


V 


Vih, Input High Voltage 


4 




2.0 




DV CC 


V 


Vol, Output Low Voltage 


4 


Iol = 2.0mA 






0.45 


V 


Voh, Output High Voltage 


4 


Iqh = -400uA 


2.4 






V 


II, Input Leakage Current (except CLK) 


4 


AGND <V, N < AV C c 






±10 


"A 


l H |-z, Output Leakage Current (D0-D1 2) 


4 


RD = CS = V, H 






±10 


uA 


Q, Input Capacitance (all digital inputs) 








10 




PF 


Co, Output Capacitance 

(outputs DO to D1 2, SYNC and DAV) 








10 




pF 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(NOTE 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) 


tc 


Conversion Time 


4,9 


CLK Mode = 


fdK = 7.0MHz 
f CLK = 5.0MHz 


31.5 
44.0 






|LlS 




Sample and Hold Acquisition 


4,9 


CLK Mode = 


fcLK = 7.0MHz 
f CL K = 5.0MHz 






2.3 
3.2 


US 
|1S 


fcLKO 


Clock Frequency 


5,9 


CLK Mode = 


Crystal 
Driven 


3 
1 




7 
7 


MHz 
MHz 


fcLKO 


Clock Width 


5,9 


Driven 

(CLK Mode = 0) 


High 
Low 


50 
50 






ns 
ns 


fcLK1 


Clock Frequency 


5, 10 


Driven (CLK Mode =1) 


0.5 




(Note 11) 


MHz 


tCLK1 


Clock Width 


5,10 


Driven High 
(CLK Mode = 1 ) Low 


125 
125 






ns 
ns 


Ud 


Address Stable to Valid Data 


4 




150 






ns 


Ur 


Address Stable Before Read 


4 











ns 


tRA 


Address Hold After Read 


4 











ns 


tRR 


Read Pulse Width 


4 




150 






ns 


tRD 


Read Access 


4 








150 


ns 


tlZ/ toz 


Data Read to Hi-Z 


4 









50 


ns 


*RV 


Recovery Between Two Reads 
or Writes 


5 




250 






ns 


tRDCK 


Read to Clock Setup Time 


5, 12 




40 






ns 


*aw 


Address Stable Before Write 


4 











ns 


tWA 


Address Hold After Write 


4 











ns 


tww 


Write Pulse Width 


4 




150 






ns 


*DW 


Data Setup Before Write Trailing Edge 


4 




100 






ns 


twD 


Data Hold After Write Trailing Edge 


4 











ns 


tWRCK 


Write to Clock Setup Time 


5, 12 




40 






ns 


tCKDAV 


Clock to DAV Assert 


4, 13 


C L = 50pF 




120 


220 


ns 


tSYNCCK 


SYNC Input to Clock Setup 


5, 12 




40 






ns 


tSYNCN 


SYNC Input Width 


5 


(CLK Mode = 0) 
(CLK Mode =1) 


6 
3 






1/fcLKO 

VfcLKI 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(NOTE 3) 


MAX 


UNITS 


AC Electrical Characteristics (Note 8) 


tCKSYNC 


External Clock to SYNC Output Delay 


5, 13 


C L = 50pF 




150 


200 


ns 


tSYNCO 


SYNC Output Pulse Width 


5,13 


(CLK Mode = 0) 
(CLK Mode = 1 ) 






8 

4 


VfcLKO 
Vf C LK1 


twRDAV 


Write Reg2 to DAV Rising Edge 


4,14 


C L = 50pF 






170 


ns 


tRDDAV 


Read RegO to DAV Rising Edge 


4,15 


C L = 50pF 






170 


ns 


tptf 


Rise and Fall 




All Inputs 






25 


ns 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: Devices are 1 00% tested with temperature limits guaranteed by 1 00% testing, sampling or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C 
Note 4: Parameter guaranteed and 1 00% production tested. 

Note 5: Parameter guaranteed. Parameters not 1 00% tested are not in outgoing quality level calculation. 
Note 6: Common mode rejection is the ratio of the change in zero error to the change in common mode input range 
Note 7: Power supply rejection is the ratio of the change in zero error to the change in power supply voltage. 
Note 8: All parameters measured from 0.8V to 2.0V, C L = 1 0OpF. 
Note 9: CK1 X bit in control register = 0. 
Note 10: CK1X bit in control register = 1 . 

Note 11: Maximum frequency is 1/to.Ki (high) + to.Ki (low) + rise + fall times and < 3.5MHz. 
Note 12: Setup time required for synchronous start of conversion. 

Note 1 3: In CLK mode = (CK1 X bit in control register = 0) start of conversion will occur at specified time; or time plus one fci_K0 period (see Figure 5) 
Note 14: Writing a control register bit with a one will acknowledge the DAV condition and de-assert DAV output 
Note 15: In start mode = 1 , a read from location "0" will start the next conversion and de-assert the DAV output 
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Figure 1 . Read Cycle 
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TIMING DIAGRAMS (Continued) 
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SECOND BYTE 



DAV IS SET AND CLEARED BY INTERNAL CIRCUITRY. 

NOTE: DMA BIT IN THE CONTROL REGISTER MUST BE SET FOR THIS OPERATION. 
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Figure 3. Data Available 
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Figure 4. SYNC Output 
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TIMING DIAGRAMS (Continued) 
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V. 



s 
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-tSYNCN- 



A / V. 



*-\ 



TO 



NOTES: 

1. CLK IS THE CLOCK DRIVEN AT THE CLOCK PIN. 

2. IN CLK MODE 1, WILL ALWAYS OCCUR AT TO IF SETUP TIMES ARE MET. 

3. IN CLK MODE0, WILL OCCUR EITHER AT TO OR T1 IF SETUP TIMES ARE MET. 



Figure 5. Synchronous Start of Conversion (Start Mode 0, 1, 3) 
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Figure 6. Block Schematic Diagram 
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FUNCTIONAL DESCRIPTION 

ALGORITHMIC A/D CONVERTER 

Micro Linear's algorithmic converter uses a successive 
approximation technique. Most of today's successive 
approximation converters use a DAC to feedback the 
approximated signal, however this technique requires 
more circuitry than algorithmic converters. In addition the 
values of all of the resistors or capacitors in the DAC must 
be matched to within the accuracy of the converter. This is 
difficult to do in silicon beyond 10 bits unless trimming is 
used. An algorithmic converter uses less circuitry and is 
more easily trimmed. Micro Linear's algorithmic converter 
is implemented using a 2x amplifier, a sample/hold amp, 
and a comparator as shown in Figure 7. 

The input sample is first multiplied by two then compared 
to the reference voltage. If the 2x input voltage is greater 
than the reference, the MSB is a 1 and the reference 
voltage is subtracted from the 2x input voltage. The 
remainder is stored in the sample and hold. If the 2x input 
voltage is less than the reference, the MSB is a and the 
2x input voltage is stored in the sample and hold. This 
process repeats again, however now the sample and hold 
voltage is multiplied by 2. 

The algorithm involves multiplication by 2, comparison, 
and possibly subtraction. Referring to Figure 6, the 
algorithm for the circuit can be described as follows: 

Step 1 If (2 x V, N ) - V REF > 
then MSB = 1 

(2 x V, N ) - V REF -> S/H 
else MSB = 

(2 x V, N ) -> S/H 

Step 2 If (2 x S/H) - V REF > 

then next bit = 1 

(2 x S/H) - V REF -> S/H 
else next bit = 

(2 x S/H) -> S/H 

Step 3 Repeat Step 2 until conversion complete. 

Since the A/D converter handles bipolar inputs, negative 
inputs are handled slightly differently using the same 
principle. 



v IN 
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TRIM 
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K = 1,0,-1 



GAIN OF LOOP = X2 



S/H 



COMPARATOR 



Figure 7. Self Calibrating A/D Converter 

SELF CALIBRATION 

In order to maintain integral and differential linearity to 
the 1/2 LSB level in an algorithmic converter, two critical 
parameters need to be controlled, loop offsets and the 
gain of the loop. Loop offsets are automatically nulled 
before each conversion using auto-zeroing circuitry on 
both the sampling amp and the 2x amp. The gain of the 
loop is adjusted using self calibration. 

Self calibrating the algorithmic converter, once the offsets 
have been nulled, is performed by measuring the 2x gain 
of the loop and adjusting it. The gain can be measured by 
converting the reference voltage as the input as well as the 
reference (V REF /V REF ), and examining the output code. 
Converting V REF should yield plus full scale, since V REF / 
V REF should equal 1 . If the gain of the loop is slightly less 
than 2, the resulting LSB of the conversion will be "0". If 
the magnitude bits of the resulting conversion are all "1s", 
the gain may be too great, therefore the gain is reduced to 
the point where the threshold of the LSB is reached. 

Adjustment of the 2x gain is done with the binary 
weighted trim capacitor arrays connected to each of the 
2C input capacitors. A small value of capacitance is either 
added to or subtracted from the 2C input caps until the 
gain of the loop is within 1 3 bit accuracy of 2. 



Mik Micro Linear 



2-77 



ML2233 



CONVERSION TIMES 

The following table lists the conversion times which 
include the sample and hold acquisition time. For a 
CALRD and CALWR no A/D conversion actually takes 
place. 



OPERATION 


# OF INTERNAL CLOCKS* 


8 bit A/D 


80 


13 bit A/D 


110 


CALWR 


52 


CALRD 


80 



SAMPLE AND MOLD TIMING 

Figure 8 shows the internal timing for the sample and hold 
circuitry. The relationship between the "Start of 
Conversion" and the input channel going into sample 
mode is fixed at 6 internal clocks*, regardless of the Start 
Mode. Six internal clocks after the Start of Conversion the 
Sample and Hold is switched into the sample mode, 
placing two 9pF capacitors in parallel with the inputs 
pins; one on V|n+ and one on V|n- The sample switch is 
kept in the sample mode for 8 internal clocks (2.3lis at a 
7MHz external clock), then placed in the hold mode. 
During the next 2 internal clocks the charge on the sample 
and hold is transferred into the A/D, after which the V REF 
pin is sampled for 8 internal clocks. 

Figure 8 also illustrates the timing of the SYNC pin in 
Master Mode during a conversion (M/S = 1 Control 
register) and Start Mode 0, 1, or 2. SYNC is activated one 
internal clock cycle after the Start of Conversion and lasts 
for four internal clocks. 

*For a description of internal clocks see Clock section. 



ANALOG INPUTS 

Differential Inputs and Common Mode Rejection 

The differential inputs of the ML2233 eliminate the effects 
of common mode input noise (60Hz for example), as V|n+ 
and V|N- are sampled at the same time. 

Noise 

The leads to the analog inputs should be kept as short as 
possible to minimize output noise. Noise as well as digital 
clocks can couple into the inputs and cause errors. Input 
filters can be used to reduce the effects of these sources. 

Power Supply Decoupling 

Low inductance tantalum capacitors of 1 uT or greater and 
0.01 u,F disc ceramic capacitors are recommended for 
bypassing AV<x as well as V$s to AGND. These capacitors 
should be placed close to the AVcc and V$s P' ns - 

MICROPROCESSOR INTERFACE 

There are two 1 3-bit directly addressable registers; a Data 
Buffer register and a Control register. The data buffer 
register provides the conversion results. The data register 
is double buffered, allowing one result to be read while 
the next sample is being converted. The data register also 
allows access to the algorithmic converter's calibration 
code. Normally the ML2233 is operated without ever 
accessing these registers. (Refer to Diagnostics for more 
information). The Control register provides complete 
control and status information. The two registers are 
addressed by pin A0. 
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Figure 8. Sample and Hold Timing 
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All data is returned from the converter in two's 



complement format. 






Cycle +Max 


-Min 


Zero 


13 OFFF 


1000 


0000 


8 007F 


1F80 


0000 



REGISTER DESCRIPTION 

REGISTER — DATA BUFFER: 

Register contains the results of the latest conversion 
when read. Depending on the Start Mode selected, 
reading or writing to this register may start the next 
conversion. 

REGISTER 1 — CONTROL REGISTER 

Bit (DAV status when READ/DAVACK acknowledge 
when a ONE is written): 

Reading DAV = 1 indicates that new data is available or a 
calibration is complete. DAV will be cleared 
automatically when the data is read. This bit can be 
explicitly acknowledge d by writing a ONE to it; writing a 
zero has no effect. The DAV output pin always reflects the 
DAV status bit. 



Bit 1 (BUSY status when READ/RESET when a ONE 
is written): 

Reading BUSY = 1 indicates that a conversion or 
calibration is in progress. Writing a ONE will force a chip 
reset. Writing a zero has no effect. 

RESET DEFAULT CONDITIONS: 

The Control register will automatically be cleared. The 
Data Buffer register will be unchanged. The Calibration 
register is not cleared after a reset, however the ADRDY_ 
bit is cleared. Since the DAV status bit is cleared, the DAV 
output is inactivated (high). The SYNC pin is forced to be 
an input as a result of clearing the M/S bit in the Control 
register. 

Bit 2 (ADRDY status when READ/DOCAL request when a 
ONE is written): 

Reading ADRDY = indicates that the converter has not 
been calibrated since the last reset, and ADRDY = 1 
indicates that is has been calibrated since the last reset. 
Writing a ONE will force the converter to do a calibration; 
writing a zero has no effect. 
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START CONVERSION 
SMDE = OR 2 



C 



DAV STATUS 
CONV BUSY STATUS 
CHIP CALIBRATED STATUS 
*- SHORT CYCLE 

- 00: START IF REG0 IS WRITTEN 
-01: START IF REG0 IS READ 

- 10: CONTINUOUS CONVERSIONS 

AFTER REG0 IS WRITTEN 
-11: START IF SYNC GOES HIGH 



•-MASTER/SLAVE 
■ 0: fcuc « 1, CLK DIVIDED BY 2 INTERNALLY (DEFAULT) 
MAXIMUM INPUT CLOCK FREQUENCY IS 7MHz. 

- 1 : fcuc - 1, OK DRIVES INTERNAL LOGIC DIRECTLY 
MAXIMUM INPUT CLOCK FREQUENCY IS 3JSMHz. 



ra s H S 



r lACKl 

I ]_ WRITING 1 
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L— WRITING 1 RESi 



ACKNOWLEDGES DAV 
RESETS CHIP 
■— WRITING 1 REQUESTS A CALIBRATION 
•— SHORT CYCLE = 13-BIT, 1 = 8-BIT 
START MODES 
000: NORMAL A/D CONVERSION 

- 0: SLAVE MODE, SYNC IS AN INPUT (DEFAULT) 
L- 1: MASTER MODE, SYNC IS AN OUTPUT 



Figure 9. Register Description 
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Bit 3 (SC: Short cycle select): 
Selects 8 or 1 3 bit conversions. 

SC = 0: 13-bit conversion (default) 
SC = 1 : 8-bit conversion (short cycle) 

Bits 4,5 (SMDE: Start Mode): 
Defines Start Conversion mode. 

Bits 5,4 

00 Start Conversion upon writing to register 
(default) 

01 Start Conversion upon reading register 

1 Start Continuous Conversions upon writing to 
register 0. 

1 1 Start on external SYNC input going high 
(Requires Slave mode: M/S = 0) 

Bits 7,6 (reserved): 

These bits are reserved by Micro Linear and must be 

written as zero. 

Bits 10,9,8 (TMDE: test mode select bits) 
These bits are used for diagnostic purposes only and 
normally not accessed during operation. The default value 
of TMDE is 000 which selects a normal A/D conversion. 
See Diagnostics for more information. 

TMDE Description 

000 Normal A/D Conversion 

001 Reserved by Micro Linear (Do Not Use) 

010 CALWR Operation 

011 CALRD Operation 

1 00 System Offset 

101 Common-mode 

110 Plus Full Scale 

111 Minus Full Scale 



Bit 11 (M/S: Master/Slave bit): 

Dictates whether the SYNC pin is an input or an output. 

Upon RESET, this bit is cleared. 

M/S = 0: Slave Mode SYNC is an input which is used 
to trigger a conversion if 
SMDE = 11. 

M/S = 1 : Master Mode SYNC is an output. At the 

beginning of every conversion, 
SYNC is high for 4 internal 
clocks. 

Bit 12 (CK1X: clock select bit): 

Selects whether the external clock will be divided by two 
or used directly as the internal clock. See Clock section 
for a detailed explanation. 

CK1 X = 0: the external clock is divided by two and 

used as the internal clock. This is referred 
to as CLK Mode = 0. 

CK1 X = 1 : the external clock input is used directly 

as the internal clock. This is referred to as 
CLK Mode = 1 . 
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GENERAL OPERATING INFORMATION 

CONVERSION-START PROTOCOL 

There are four different ways to start a conversion. They 
are defined by SMDE bits 4 and 5 in the Control Register. 

SMDE 
Bits 5,4 

00: A write to register will start a conversion. 

During a conversion, if another write is issued to 
register 0, the "Start Conversion" command will 
be latched and another conversion will 
immediately follow the current one. To insure that 
the second write will be latched, it must occur at 
least 3 internal clocks after the first write. Only 
one additional write will be latched; multiple 
writes within a conversion will only yield one 
more conversion. 

01 : Reading the data from the previous conversion 
starts the next conversion. 

1 0: This mode causes continuous conversions; the 
next conversion begins immediately after the 
previous conversion ends. Writing to register 
will start the first conversion; thereafter the 
converter runs continuously. This mode yields the 
maximum conversion rate. 

1 1 : The SYNC input triggers the start of a conversion. 
The M/S bit in the Control Register must be 
cleared, placing the chip in the slave mode. 

Note: the external activation for Start Modes 0, 1, and 3 
are synchronized internally to the system clock. If periodic 
sampling is required using these Start Modes, the SYNC, 
RD, or WR pulses must be synchronized to the system 
clock. Start Mode 2 guarantees periodic sampling. 



DOUBLE-BUFFERED DATA REGISTER 

The A/D conversion result is double-buffered using the 
Data Buffer register and the A/D Data register. The actual 
End-O f-Conversion (EOC) d oes n ot correspond with the 
DAV output going low. The DAV output goe s low 1 6 
internal clocks after the EOC. From the time DAV output 
goes LOW, the user has one full conversion time (80 or 
110 internal clocks) minus 16 internal clocks to read the 
data as shown in Figure 10. 

SELF CALIBRATION 

Setting the DOCAL bit issues a calibration request to the 
chip. W hen c alibration is done, the DAV status bit is set 
and the DAV output goes low. 

A calibration requires 8,260 internal clocks. Using a 
7MHz clock (CLK Mode = 0), this approximately 2 ms. 
Power supplies and external voltage reference must be 
stable before issuing a request for calibration. 

The ML2233 should be calibrated before any conversions 
are attempted. Calibrations must not be performed 
simultaneously with conversions. Before requesting a 
calibration, the user may want to read the Busy status bit 
to make sure that the converter is idle. Polling the chip 
while the calibration is in progress is not recommended. 



START OF CONVERSION 2 START OF CONVERSION 3 
START OF CONVERSION 1 END OF CONVERSION 1 END OF CONVERSION 2 



-CONVERSION! >- 



< CONVERSION 2 * 

DATA 1 AVAILABLE 



h- 



- CONVERSION 3 * 

, DATA 2 AVAILABLE 



Figure 1 0. 
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CLOCK 

The ML2233 has the option of dividing the clock at the 
CLK pin by 2, or using it directly to drive the internal 
logic. This option is selected through the CK1X bit in the 
Control register. When CK1 X = the clock is divided by 
2. This is referred to as CLK Mode = 0. The clock at the 
CLK pin is referred to as the External clock, and the 
Internal Clock is the External clock divided by 2. When 
CK1 X = 1 , the clock at the CLK pin drives the internal 
logic directly, therefore this clock is referred to as the 
internal clock. This is also known as CLK Mode = 1 . All 
internally clocked logic is positive edge triggered. 

CLK Mode = 0: 

There are two advantages to CLK Mode 0. This is the only 
Mode that allows an external crystal to be used. CLK 
Mode 1 cannot operate with an external crystal, the CLK 
pin must be driven. The second advantage of CLK Mode 
is that the duty cycle for a driven clock is less stringent 
than in CLK Mode 1 . (Refer to tci_K0 an d tern m AC 
Electrical Characteristics for CLK Mode and 1 timing 
requirements, respectively.) 

On power up the state of the divide by two flip-flop is 
indeterminate. Therefore the relationship between the 
internal clock and the external clock at the CLK pin can 
have one of two possibilities as shown in Figure 11 . As a 
result the following should be considered. 



twRClo tRDCK/ and tsYNCCK specs, (RD, WR, and SYNC 
setup times to Start of Conversion), will be as shown in the 
data sheet, or the data sheet specs plus one external clock 
period. Since these specifications are with respect to the 
rising edge of the external clock, it is not known whether 
this rising edge corresponds to the rising edge or falling 
edge of the internal clock. Therefore there is an 
uncertainty of one external clock period. 

If periodic sampling is necessary and Start Mode 0, 1 or 3 
is used, the external start pulse (either RD, WR, or SYNC) 
must be synchronous to the external clock, meet the setup 
time, and be an even number of external clock periods. If 
the start pulse were an odd number of external periods, 
half the pulses would correspond with the rising edge of 
the internal clock, and the other half would correspond 
with the falling edge of the internal clock. Therefore the 
sampling period would change by one external clock 
period every sample. Start Mode 2 guarantees periodic 
sampling regardless of the CLK mode. 

CLK Mode = 1: 

This mode eliminates the requirement that external start 
pulses must be an even number of external clock periods. 
However periodic sampling still requires that the start 
pulse be synchronous to the external clock, and the setup 
time must be met. CLK Mode 1 also eliminates the 
uncertainty of the twRCio tRDCK an d tsYNCCK requirements. 
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Figure 11. 
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DIAGNOSTICS 

Diagnostics routines may be run after power up or any 
other time to ensure proper operation. The diagnostic 
features, which are software selectable, don't require 
external hardware. Both the analog and digital sections 
can be tested. 

The ML2233 is placed in the diagnostic mode via the 
TMDE field in the Control Register. Once the ML2233 is 
placed in one of the diagnostic modes, a conversion must 
be executed befor e the results can be read. As with all 
conversions, DAV will be activated upon completion. 

ANALOG CONVERSION DIAGNOSTICS 

TMDE = 000: Normal Operation 

Selects normal A/D conversion. Default condition after a 

software reset. 

TMDE = 001 : Reserved by Micro Linear. 

TMDE = 0101: CALWR operation 
The data in Write register (CALCODE Holding Register), 
is transferred into the converter's Calibration register when 
a "Start Conver sion" is issued. A dummy conversion 
occurs and the DAV output goes LOW to indicate that the 
operation is complete. 

TMDE = 011: CALRD operation 
The contents of the Calibration register are transferred 
through the A/D Data register and loaded into the Data 
Buffe r register. A dummy 8-bit conversion occurs and 
DAV output goes LOW to indicate that the CALRD 
operation is complete. 



TMDE = 100: System Offset 

The positive and negative inputs to the Sample and Hold 
are tied to analog ground. With this setting, converted 
data will give the offset of the A/D converter and Sample/ 
Hold combination. The V|^+ and Vin- pins will remain in 
a high impedance state while in this mode. 

TMDE = 101: Common-mode 

Both the positive and negative inputs of the Sample and 
Hold are tied to Vref- The results of a conversion in this 
test mode indicates how well the converter is rejecting a 
common mode signal. 

TMDE = 110: Positive Full Scale 

This test mode connects the positive input of the Sample 
and Hold to Vr^ and the negative input of the Sample 
and Hold to analog ground. The result of converting in 
this test mode is a value near positive full scale. 

TMDE = 111 : Negative Full Scale 
This test mode connects the positive input of the Sample 
and Hold to analog ground and the negative input to V REF . 
The result of converting in this test mode is a value near 
negative full scale. 

DIGITAL LOOPBACK 

The ML2233's architecture provides a way for the 
microprocessor to indirectly read and write to the A/D 
converter's calibration register and data register via a 
CALRD and CALWR. Figure 12 illustrates this architecture. 
This in effect allows a digital loopback. 



I A0 

| 


WR RD 

1 

WR RD 

1 


CS 


CS 



12 

I 


REGISTERS 
CALCODE HOLDING REGISTER 




1 




A/D CONVERTER 






12 

1 




1 














I 












It 


I 12 


<> 


| 




TEMPORARY REGISTER 


! I 


CALIBRATION REGISTER 


I i 




I 12 
-U 


A/D DATA REGISTER 


I 

I I 




r 


! I 


I 


| A0 
I 


12 

1 


DATA BUFFER REGISTER 




i 


_L 

















Figure 12. Digital Loopback 
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When the TMDE bits are set to 01 CAL WRITE (CALWR), 
and a Start Conversion is issued in any one of the four 
modes, the contents of the CALCODE Holding register is 
transferred into the A/D converter's Calibration register. 
When the TMDE bits are set to 011 CAL READ (CALRD), 
and a Start Conversion is issued, the contents of the 
Calibration register are transferred through the A/D's Data 
register into the Data Buffer register. The result of these 
two operations is a complete loopback from the 
CALCODE Holding register through the A/D converter and 
back into the Data buffer register. This loopback provides 
user assurance that all the paths are clear and there are no 
stuck bits. 

Note: When a CALWR is done, the previous calibration 
value is lost. The correct calibration value must be 
restored before the converter is used to convert data. 



CALIBRATION PASS/FAIL TEST 

The CALRD can be used as a way to verify a successful 
calibration. After a calibration is completed, the CALRD 
may be issued in order to read the contents of the 
Calibration register. If the Low Byte (lower 8 bits) of the 
data buffer register are ones after executing a CALRD, the 
calibration failed; otherwise the calibration is successful. 
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Figure 14. Interfacing to TMS320C25 Digital Signal Processor 



ORDERING INFORMATION 



PART NUMBER 


MAXIMUM 
LINEARITY ERROR 


MAXIMUM TOTAL 
UNADJUSTED ERROR 


MINIMUM 
CONVERSION 


PACKAGE 


ML2233BCP 
ML2233CCP 
ML2233DCP 


±3/4 LSB 
±1 LSB 
±1 LSB 


±11/2 LSB 
±21/2 LSB 
±21/2 LSB 


31.5ns 

31.5ns 
44.0ns 


Plastic DIP (P28) 
Plastic DIP (P28) 
Plastic DIP (P28) 
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jliP Compatible 8-Bit A/D Converters 
with 2- or 8-Channel Multiplexer 



GENERAL DESCRIPTION 

The ML2252 and ML2259 combine an 8-bit A/D 
converter, 2- or 8-channel analog multiplexer, and a 
microprocessor compatible 8-bit parallel interface and 
control logic in a single monolithic CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and a 
double buffered three-state data bus. These analog-to- 
digital converters allow the microprocessor to operate 
completely asynchronous to the converter clock. 

The built in sample and hold function provides the ability 
to digitize a 5V, 50KHz sine wave to 8-bit accuracy. The 
differential comparator design provides low power supply 
sensitiveity to DC and AC variations. The voltage 
reference can be externally set to any value between 
ground and Vco tnus allowing a full conversion over a 
relatively small span if desired. All parameters are 
guaranteed over temperature with a power supply voltage 
of5V±10%. 

The device is suitable for a wide range of applications 
from process and machine control to consumer, 
automotive, and telecommunication applications. 



FEATURES 

■ Conversion time (fci_K = 1 .46MHz) 6.6lis 

■ Total unadjusted error +1/2LSB or ±1 LSB 

■ No missing codes 

■ Sample and hold 390ns acquisition 

■ Capable of digitizing a 5V, 50KHz sine wave 

■ 2- or 8-channel input multiplexer 

■ 0V to 5V analog input range with single 5V 
power supply 

■ Operates ratiometrically or with up to 5V 
voltage reference 

■ No zero or full scale adjust required 

■ Analog input protection 25mA per input min 

■ Continuous conversion mode 

■ Low power dissipation 1 5mW MAX 

■ TTL and CMOS compatible digital inputs and outputs 

■ Standard 20-pin or 28-pin DIP or PCC 

■ Temperature range 0°C to +70°C, 

or -40°C to +85°C, 
or-55°Cto+125°C 
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PIN DESCRIPTION 



Pin Number 




ML2252 


ML2259 


Name 




1 


CH3 




2 


CH4 




3 


CH5 




4 


CH6 




5 


CH7 


2 


6 


START 


3 


7 


EOC 


4 


8 


DB3 


5 


9 


OE 


6 


10 


CLK 


7 


11 


Vcc 


8 


12 


+Vref 


9 


13 


GND 


10 


14 


DB1 


11 


15 


DB2 


12 


16 


-Vref 


13 


17 


DBO 


14 


18 


DB4 


15 


19 


DBS 


16 


20 


DB6 


17 


21 


DB7 


18 


22 


ALE 




23 


ADDR2 




24 


ADDR1 


19 


25 


ADDRO 


20 


26 


CHO 


1 


27 


CH1 




28 


CH2 



Function 



Analog input 3. 

Analog input 4. 

Analog input 5. 

Analog input 6. 

Analog input 7. 

Start of conversion. Active high digital input pulse initiates conversion. 

End of conversion. This output goes low after a START pulse occurs, stays 

low for the entire A/D conversion, and goes high after conversion is 

completed. Data on DB0-DB7 is valid on rising edge of EOC and stays valid 

until next EOC rising edge. 

Data output 3. 

Output enable input. When OE = 0, DB0-DB7 are in high impedance state; 

OE = 1 , DB0-DB7 are active outputs. 

Clock. Clock input provides timing for A/D converter, S/H, and digital 

interface. 

Positive supply. 5V ±1 0%. 

Positive reference voltage. 

Ground. 0V, all analog and digital inputs or outputs are referenced to this 
point. 

Data output 1 . 

Data output 2. 

Negative reference voltage. 

Data output 0. 

Data output 4. 

Data output 5. 

Data output 6. 

Data output 7. 

Address latch enable. Input to latch in the digital address (ADDR2-0) on the 

rising edge of the multiplexer. 

Address input 2 to multiplexer. Digital input for selecting analog input. 

Address input 1 to multiplexer. Digital input for selecting analog input. 

Address input to multiplexer. Digital input for selecting analog input. 

Analog input 0. 

Analog input 1 . 

Analog input 2. 



ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Supply Voltage, Vcc 6-5V 

Voltage 

Logic Inputs -0.3V to V C c +0.3V 

Analog Inputs -0.3V to V C c +0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +1 50°C 

Package Dissipation 
at T A = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-In-Line Package (Ceramic) 300°C 



Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 

OPERATING CONDITIONS 

Supply Voltage, Vcc 4.5Vqc to 6.3Vpc 

Temperature Range (Note 3) Tmin ^ ^a < T MAX 

ML2252/59BMJ, ML2252/59CMJ -55°C to +125°C 

ML2252/59BIJ, ML2252/59CIJ -40°C TO +85°C 

ML2252/59BCP, ML2252/59BCQ, ML2252/59CCP, 
ML2252/59CCQ 0°C TO +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = Tmin to Tmax/ Vcc = +Vref = 5V ±10%, -Vref = GND and fcLK = 1 -46MHz 





NOTES 


CONDITIONS 


ML2252B, ML2259B 


ML2252C, ML2259C 


PARAMETER 


MIN 


TYP 
(NOTE 4) 


MAX 


MIN 


TYP 
(NOTE 4) 


MAX 


UNITS 



Converter and Multiplexer Characteristics 



Total Unadjusted Error 


5,7 


Vref = V CC 






±1/2 






±1 


LSB 


+Vref Voltage Range 


6 




-Vref 




v cc + 0.1 


-Vref 




V CC + 0.1 


V 


-Vref Voltage Range 


6 




GND -0.1 




+Vref 


GND-0.1 




+Vref 


V 


Reference Input Resistance 


5 




14 


20 


35 


14 


20 


28 


KQ 


Analog Input Range 


5,8 




GND -0.1 




Vcc + 0.1 


GND-0.1 




V CC + 0.1 


V 


Power Supply Sensitivity 


6 


DC, V CC = 5V±10% 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




100mVp-p, 100KHz 
Sine on Vco Vin = 




±1/16 






±1/16 




LSB 


IqfF/ Off Channel Leakage 
Current (Note 9) 


5,9 


On Channel = Vcc 
Off Channel = 0V 


-1 






-1 






LlA 




On Channel = 0V 
Off Channel = V cc 






1 






1 


LlA 


Ion/ On Channel Leakage 
Current (Note 9) 


5,9 


On Channel = 0V 
Off Channel = V CC 


-1 






-1 






uA 




On Channel = Vcc 
Off Channel = 0V 






1 






1 


uA 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
(NOTE 4) 



MAX 



UNITS 



Digital and DC 



V|N(1) 


Logical "1" Input Voltage 


5 




2.0 






V 


V|N(0) 


Logical "0" Input Voltage 


5 








0.8 


V 


l|N(1) 


Logical "1" Input Current 


5 


V|N = V CC 






1 


LlA 


'lN(O) 


Logical "0" Input Current 


5 


Vin = ov 


-1 






LlA 


V OUT(1) 


Logical "1 " Output Voltage 


5 


Iout = -2mA 


4.0 






V 


VoUT(0) 


Logical "0" Output Voltage 


5 


Iqut = 2mA 






0.4 


V 


■out 


Three-State Output Current 


5 


V O ut = 0V 


-1 






uA 




Vqut = Vcc 






1 


uA 


ice 


Supply Current 


5 






1.5 


3 


mA 



AC and Dynamic Performance Characteristics (Note 1 0) 



UCQ 


Sample and Hold Acquisition 








1/2 




VfcLK 


fa-K 


Clock Frequency 


5 




10 




1460 


KHz 


tc 


Conversion Time 








8.5 


8.5 + 250ns 


VfcLK 


SNR 


Signal to Noise Ratio 




V| N = 51KHz,5VSine. 

f CL K = 1 -46MHz 

(^sampling — 1 50KHz). Noise is Sum 

of All Nonfundamental Components 

Upto1/2off S AMPLING 




47 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
(NOTE 4) 



MAX 



UNITS 



AC and Dynamic Performance Characteristics (Note 10) (Continued) 



THD 


Total Harmonic Distortion 




V, N = 51KHz,5VSine. 

f CL K = 1 .46MHz 

(^SAMPLING - 150KHz). THD is Sum 

2, 3, 4, 5 Harmonics Relative to 

Fundamental 




-60 




dB 


IMD 


Intermodulation Distortion 




Vin = fA + h- *A = 49KHz, 2.5V Sine. 

f B = 47.8KHz ; 2.5V Sine, 

f CL K = 1 .46MHz 

(^SAMPLING = 150KHz). IMD is (f A + f B ), 

(f A - f B ), (2f A + f B ), (2f A - f B ), (f A + 2f B ), 

(f A - 2f B ) Relative to Fundamental 




-60 




dB 


FR 


Frequency Response 




V )N = to 50KHz. 5V Sine Relative 
to 1 KHz 




0.1 




dB 


*DC 


Clock Duty Cycle 


6,11 




40 




60 


% 


*EOC 


End of Conversion Delay 


5 






1/2 


1/2 + 250ns 


VfcLK 


tws 


Start Pulse Width 


5 




50 






ns 


tss 


Start Pulse Setup Time 


6, 12 


Synchronous Only 


40 






ns 


tWALE 


Address Latch Enable Pulse Width 


5 




50 






ns 


ts 


Address Setup 


5 











ns 


t H 


Address Hold 


5 




50 






ns 


tH1,H0 


Output Enable for DB0-DB7 


6 
6 


Figure 1, Q = 50pF 






100 


ns 




Figure 1,C L = 10pF 






50 


ns 


tlKOH 


Output Disable for DB0-DB7 


6 
6 


Figure 1, Q = 50pF 






100 


ns 




Figure 1,C L = 10pF 






50 


ns 


C|N 


Capacitance of Logic Input 








5 




pF 


CqUT 


Capacitance of Logic Outputs 








10 




PF 



Note 3: 

Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 



Note 9: 
Note 10: 
Note 11: 

Note 12: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 

When the input voltage (Vin) at any pin exceeds the power supply rails (Vin < GND -0 1 V or Vcc + 0.1 ) the absolute value of current at that pin should be limited 

to 25mA or less. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C to +85°C operating 

temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 1 00% production tested 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation 

Total unadjusted error includes offset, full scale, linearity, multiplexer and sample and hold errors 

For -Vr EF > Vin (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages 

one diode drop below ground or one diode drop greater than the Vcc supply. Be careful, during testing at low Vcc levels (4 5V), as high level analog inputs (5V) can 

cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale. The spec allow 1 0OmV forward bias of either 

diode This means that as long as the analog Vin or Vref does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an 

absolute OVqc to 5Vqc input voltage range will therefore require a minimum supply voltage of 4.900Vdc over temperature variations, initial tolerance and loading 

Leakage current is measured with the clock not switching. 

Cl = 50pF, timing measured at 50% point. 

A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these limits, 

the minimum time the clock is high or the minimum time the clock is low must be at least 40ns. The maximum time the clock can be high or low is 60fis. 

The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock rising edge. If the setup time is not met, 

start conversion will have an uncertainty of one clock pulse. 
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Figure 1 . High Impedance Test Circuits and Waveforms 



TYPICAL PERFORMANCE CURVES 
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Figure 2. Linearity Error vs fdK 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 3. Linearity Error vs Vref Voltage 



Figure 4. Unadjusted Offset Error vs V RE p Voltage 



1.0 FUNCTIONAL DESCRIPTION 

1.1 MULTIPLEXER ADDRESSING 

The ML2252 and ML2259 contain a single ended analog 
multiplexer. A particular input channel is selected by 
using the address decoder. The relationship between the 
address inputs, ADDR0-ADDR2, and the analog input 
selected is shown in Table 1 . The address inputs are 
latched into the decoder on the rising edge of the address 
latch signal ALE. 

ML2252 



SELECTED 
ANALOG CHANNEL 


ADDRESS 
INPUT 


CHO 





CH1 


1 


ML2259 


SELECTED 
ANALOG CHANNEL 


ADDRESS INPUT 
ADDR2 ADDR1 ADDRO 


CHO 











CH1 








1 


CH2 





1 





CH3 





1 


1 


CH4 


1 








CH5 


1 





1 


CH6 


1 


1 





CH7 


1 


1 


1 



1.2 A/D CONVERTER 

The A/D converter uses successive approximation to 
perform the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is 
composed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB 
decision levels while the series resistor lower array generates 
the 4 LSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 

The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required 
between 2 4 = 1 6 elements (as opposed to 2 8 = 256 
elements in conventional designs). And since the levels are 
based on the ratio of capacitors to capacitors and resistors to 
resistors, the accuracy and long term stability of the 
converter is improved. This also guarantees monotonicity 
and no missing codes, as well as eliminating any linearity 
temperature or power supply dependence. 

The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differential architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed at the start of each conversion in order to remove 
any DC offset and full scale gain error, thus improving 
accuracy and linearity. 



Table 1 . Multiplexer Address Decoding 
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Another advantage of the capacitor array approach used in 
the ML2252 and ML2259 is the inherent sample-and-hold 
function. This true S/H allows an accurate conversion to be 
done on the input even if the analog signal is not stable. 
Linearity and accuracy are maintained for analog signals up 
to 1/2 the sampling frequency. As a result, input signals up 
to 50KHz can be converted without degradation in linearity 
or accuracy. 

The sequence of events during a conversion is shown in 
figure 5. The rising edge of a START pulse resets the internal 
registers and initiates a conversion on the next rising edge of 
CLK providing that (tss) start pulse setup time is satisfied. If 
this setup time is not met, start conversion will have an 
uncertainty of one clock pulse. The input is then sampled 
for the next half CLK period until EOC goes low. EOC goes 
low on the falling edge of the next CLK pulse indicating that 
the conversion is now beginning. The actual conversion 
now takes place for the next eight CLK pulses, one bit for 
each CLK pulse. After the conversion is done, the data is 
updated on DB0-DB7 and EOC goes high on the rising 
edge of the 9th CLK pulse, indicating that the conversion 
has been completed and data is valid on DB0-DB7. The 
data will stay valid on DB0-DB7 until the next conversion 
updates the data word on the next rising edge of EOC. 

A conversion can be interrupted and restarted at any time by 
a new START pulse. 



1.3 ANALOG INPUTS AND SAMPLE/HOLD 

The ML2252 and ML2259 have a true sample-and-hold 
circuit which samples both the selected input and ground 
simultaneously. These analog to digital converters can 
reject AC common mode signals from DC-50KHz as well 
as maintain linearity for signals from DC-50KHz. 

The plot in figure 6 shows a 2048 point FFT of the 
ML2259 converting a 50KHz, to 5V, low distortion sine 
wave input. The ML2252 and ML2259 sample and 
digitize, at their specified accuracy, dynamic input signals 
with frequency components up to the Nyquist frequency 
(one-half the sampling rate). The output spectra yields 
precise measurements of input signal level, harmonic 
components, and signal to noise ratio up to the 8-bit level. 
The near ideal signal to noise ratio is maintained 
independent of increasing analog input frequencies to 
50KHz. 

The signal at the analog input is sampled during the 
interval when the sampling switch is open prior to 
conversion start. The sampling window (S/H acquisition 
time) is one half CLK period long and occurs one half CLK 
period after START goes low. When the sampling switch 
closes at the start of the S/H acquisition time, 8pF of 
capacitance is thrown onto the analog input. One half 
CLK period later, the sampling switch opens, the signal 
present at analog input is stored and conversion starts. 
Since any error on the analog input at the end of the S/H 
acquisition time will cause additional conversion error, 
care should be taken to insure adequate settling and 
charging time from the source. If more charging or settling 
time is needed to reduce these analog input errors, a 
longer CLK period can be used. 

Each analog input has dual diodes to the supply rails, and 
a minimum of ±25mA (±1 00mA typically) can be injected 
into each analog input without causing latchup. 



1/fCLK 



ADDR0-ADDR2 




v_r 



Figure 5. Timing Diagram 



3^. Micro Linear 



2-93 



ML2252, ML2259 



1.4 REFERENCE 

The voltage applied to the +Vref and -Vref inputs defines 
the voltage span of the analog input (the difference 
between Vjnmax and Vjnmin) over which the 256 possible 
output codes apply. The devices can be used in either 
ratiometric applications or in systems requiring absolute 
accuracy. The reference pins must be connected to a 
voltage source capable of driving the reference input 
resistance, typically 20K. 

In a ratiometric system, the analog input voltage is 
proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
+Vref P' n can ^ e tied to Vcc and -Vref tied to GND. This 
technique relaxes the stability requirements of the system 
reference as the analog input and A/D reference move 
together maintaining the same output code for a given 
input condition. 

For absolute accuracy, where the analog input varies 
between specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

+Vref anc ' ~Vref can be at any voltage between Vcc and 
GND. In addition, the difference between +Vref and 
-Vref can be set to small values for conversions over 
smaller voltage ranges. Particular care must be taken with 
regard to noise pickup, circuit layout ond system error 
voltage sources when operating with a reduced span due 
to the increased sensitivity converter. 



1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 10uJ electrolytic capacitor is recommended to bypass 
Vcc to GND, using as short a lead length as possible. In 
addition, with clock frequencies above 1MHz, a 0.1 uT 
ceramic disc capacitor should be used to bypass Vcc to 
GND. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1 jiF ceramic disc capacitors at 
the reference input pins (pins 12, 16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2252 and ML2259 are defined as 



20log=' V ^ 2 + V 4 2+V ^ /2 



where Vi is the rms amplitude of the fundamental and V 2 , 
V3, V 4 , V5 are the rms amplitudes of the individual 
harmonics. 
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Figure 6. Output Spectrum 
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Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, 
fA and fe, any active device with non linearities will create 
distortion products, of order (m + n), at sum and 
difference frequencies of mf^ + nfg, where m, n = 0, 1 , 2, 
3,... . Intermodulation terms are those for which m or n is 
not equal to zero. The (IMD) intermodulation distortion 
specification includes the second order terms (fA + fe) and 
(f A - is) and the third order terms (2f A + fe), (2fA - is), 
(f A + 2f B ) and (f A - 2f B ) only. 

1.7 DIGITAL INTERFACE 

The analog inputs are selected by the digital addresses, 
ADDR0-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the internal logic is 
reset. 

The sampling interval starts with the following CLK rising 
edge after a START falling edge and ends on the falling 
edge of CLK. The conversion starts and EOC goes low. The 
sampling clock is at least one half CLK period wide. Each 
bit conversion in the successive approximation process 
takes 1 CLK period. On the rising edge of the ninth CLK 
pulse, the digital output of the conversion is updated on 
the outputs DB0-DB7 and EOC goes high indicating the 
conversion is done and data on DB0-DB7 is valid. 

One feature of the ML2252 and ML2259 is that the data is 
double buffered. This means that the outputs DB0-DB7 
will stay valid until updated at the end of the next 
conversion and will not become invalid when the next 
conversion starts. This facilitates interfacing with external 
logic of jiP. 



The signal OE drives the data bus, DB0-DB7, into the 
high impedance state when held low. This allows the 
ML2252 and ML2259 to be tied directly to a uP system 
bus without any latches or buffers. 

1 .7.1 Restart During Conversion 

If the A/D is restarted (start goes low and returns high) 
during a convesion, the converter is reset and a new 
conversion is started. The output data latch is not updated 
if the conversion in process is not allowed to be 
completed. EOC will remain low and the output data 
latch is not updated. 

1 .7.2 Continuous Conversions 

In the free-running, continuous conversion mode, the start 
input is tied to the (figure 7) EOC output. An initialization 
pulse, following power-up, of mementarily forcing a logic 
high level is required to guarantee operation. 



v C c 
9 



U*. 



ML2252 
ML2259 

EOC START 



Figure 7. Continuous Conversion Mode 



2.0 TYPICAL APPLICATIONS 
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Figure 8. Protecting the Input 
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ORDERING INFORMATION 



PART NUMBER 



TOTAL 
UNADJUSTED ERROR 



TEMPERATURE 
RANGE 



Eight Analog Inputs, 28-Pin Package 



PACKAGE 



Two Analog Inputs, 20-Pin Package 






ML2252BMJ 


±1/2 LSB 


-55°Cto+125°C 


Hermetic DIP (J20) 


ML2252BIJ 




-40°C to +85°C 


Hermetic DIP (J20) 


ML2252BCP 




0°C to +70°C 


Molded DIP (P20) 


ML2252BCQ 




0°C to +70°C 


Molded PCC (Q20) 
Hermetic DIP (J20) 


ML2252CIJ 


±1 LSB 


-40°C to +85°C 


ML2252CCP 




0°C to +70°C 


Molded DIP (P20) 


ML2252CCQ 




0°C to +70°C 


Molded PCC (Q20) 



ML2259BMJ 


±1/2 LSB 


-55°Cto+125°C 


Hermetic DIP (J28) 


ML2259BIJ 




-40°C to +85°C 


Hermetic DIP (J28) 


ML2259BIP 




-40°C to +85°C 


Molded DIP (P28) 


ML2259BCP 




0°C to +70°C 


Molded DIP (P28) 


ML2259BCQ 




0°C to +70°C 


Molded PCC (Q28) 


ML2259CIP 




-40°C to +85°C 


Molded DIP (P28) 


ML2259CIJ 


±1 LSB 


-40°C to +85°C 


Hermetic DIP (J28) 


ML2259CCP 




0°C to +70°C 


Molded DIP (P28) 


ML2259CCQ 




0°C to +70°C 


Molded PCC (Q28) 
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jjP Compatible 8-Bit A/D Converter 
with 8-Channel Multiplexer 



GENERAL DESCRIPTION 

The ML2258 combines an 8-bit A/D converter, 8-channel 
analog multiplexer, and a microprocessor compatible 8-bit 
parallel interface and control logic in a single monolithic 
CMOS device. 

Easy interface to microprocessors is provided by the 
latched and decoded multiplexer address inputs and 
latched three-state outputs. 

The device is suitable for a wide range of applications 
from process and machine control to consumer, 
automotive, and telecommunication applications. 

The ML2258 is an enhanced pin compatible second 
source for the industry standard ADC0808/ADC0809. The 
ML2258 enhancements are faster conversion time, true 
sample and hold function, superior power supply 
rejection, wider reference range, and a double buffered 
data bus as well as faster digital timing. All parameters are 
guaranteed over temperature with a power supply voltage 
of5V±10%. 



FEATURES 

■ Conversion time 6.6lls 

■ Total unadjusted error ±1/2LSB or ±1 LSB 

■ No missing codes 

■ Sample and hold 390ns acquisition 

■ Capable of digitizing a 5V, 50KHz sine wave 

■ 8-input multiplexer 

■ 0V to 5 V analog input range with single 5V 
power supply 

■ Operates ratiometrically or with up to 5 V 
voltage reference 

■ No zero or full scale adjust required 

■ Analog input protection 25mA per input min 

■ Low power dissipation 3mA max 

■ TTL and CMOS compatible digital inputs and outputs 

■ Standard 28-pin DIP or surface mount PCC 

■ Superior pin compatible replacement for ADC0808 and 
ADC0809 
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PIN CONFIGURATION 



ML2258 
28-Pin DIP (P28) 



IN3 Q 


, V_y - 


u 


IN2 


IN4 \2 


2 


27 


3 


INI 


IN5 Q 


3 


26 


3 


INO 


IN6 \2 


4 


25 


3 


ADDRO 


IN7 \2 




24 


3 


ADDR1 


START \2 


6 


23 


3 


ADDR2 


EOC Q 


7 


22 


3 


ALE 


DB3 Q 


8 


21 


3 


DB7 


oeC 


9 


20 


3 


DB6 


CLK Q 


10 


19 


3 


DB5 


Vcc C 


11 


18 


3 


DB4 


+VREF C 


12 


17 


3 


DBO 


GND £ 


13 


16 


3 


-Vref 


DB1 Q 


14 


15 


3 


DB2 



ML2258 
28-Pin PCC (Q28) 



IN7 [5 
START £ 6 
EOC [7 
DB3 [8 
OE [9 
CLK [ 10 
VCC [ 11 



z z 


z z z z 


Z 


r—i m 


n r-i r-i r-i 


n 


'4 3 


2 1 28 27 


26 



12 13 14 15 16 17 18 

u u u u u u u 



25 H ADDRO 
24 3 ADDR1 
23 D ADDR2 
22 H ALE 
21 J DB7 
20 "J DB6 
19 ] DB5 



PIN DESCRIPTION 



PIN# 


NAME 


FUNCTION 


1 


IN3 


Analog input 3. 


2 


IN4 


Analog input 4. 


3 


IN5 


Analog input 5. 


4 


IN6 


Analog input 6. 


5 


IN7 


Analog input 7. 


6 


START 


Start of conversi 



7 EOC 



8 DB3 

9 OE 



10 CLK 

11 v cc 

12 +V REF 



input pulse initiates conversion. 

End of conversion. This output goes 
low after a START pulse occurs, stays 
low for the entire A/D conversion, and 
goes high after conversion is 
completed. Data on DB0-DB7 is valid 
on rising edge of EOC and stays valid 
until next EOC rising edge. 

Data output 3. 

Output enable input. When OE = 0, 
DB0-DB7 are in high impedance 
state; OE = 1, DB0-DB7 are active 
outputs. 

Clock. Clock input provides timing for 
A/D converter, S/H, and digital 
interface. 

Positive supply. 5V ± 1 0%. 

Positive reference voltage. 



PIN# 


NAME 


FUNCTION 


13 


GND 


Ground. 0V, all analog and digital 
inputs or outputs are reference to this 
point. 


14 


DB1 


Data output 1 . 


15 


DB2 


Data output 2. 


16 


-Vref 


Negative reference voltage. 


17 


DBO 


Data output 0. 


18 


DB4 


Data output 4. 


19 


DB5 


Data output 5. 


20 


DB6 


Data output 6. 


21 


DB7 


Data output 7. 



22 ALE Address latch enable. Input to latch in 

the digital address (ADDR2-0) on the 
rising edge of the multiplexer. 

23 ADDRO Address input to multiplexer. Digital 

input for selecting analog input. 

24 ADDR1 Address input 1 to multiplexer. Digital 

input for selecting analog input. 

25 ADDR2 Address input 2 to multiplexer. Digital 

input for selecting analog input. 

26 INO Analog input 0. 

27 IN1 Analog input 1 . 

28 IN2 Analog input 2. 
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ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltage, Vcc 6.5V 

Voltage 

Logic Inputs -0.3V to V cc +0.3V 

Analog Inputs -0.3V to V cc +0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +1 50°C 

Package Dissipation 
at T A = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 



Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 

OPERATING CONDITIONS 

Supply Voltage, Vcc 4.5V DC to 6.3Vqc 

Temperature Range (Note 3) T M in < Ta < Tmax 

ML2258BMJ, ML2258CMJ -55°C to +1 25°C 

ML2258BIJ, ML2258BIP, ML2258BIQ, ML2258CIJ 
ML2258CIP, ML2258CIQ -40°C to +85°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T M | N to T M ax, V C c = +V REF = 5V ±10%, -V REF = GND and f C LK = 10.24MHz 




NOTES 


CONDITIONS 


ML2258B 


ML2258C 


PARAMETER 


MIN 


TYP 
(NOTE 4) 


MAX 


MIN 


TYP 
(NOTE 4) 


MAX 


UNITS 


Converter and Multiplexer 


Total Unadjusted Error 


5,7 


v ref = v cc 






±1/2 






±1 


LSB 


+V REF Voltage Range 


6 




-Vref 




V C c + 0.1 


-Vref 




V CC + 0.1 


V 


-Vref Voltage Range 


6 




GND -0.1 




+Vr E F 


GND -0.1 




+Vref 


V 


Reference Input Resistance 


5 




14 


20 


35 


14 


20 


28 


Kfl 


Analog Input Range 


5,8 




GND -0.1 




V CC + 0.1 


GND -0.1 




V CC + 0.1 


V 


Power Supply Sensitivity 


6 


DC,V CC = 5V±10% 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




lOOmVp-p, 100KHz 
Sine on Vco Vin = 




±1/16 






±1/16 




LSB 


IqfF/ Off Channel Leakage 
Current (Note 9) 


5,9 


On Channel = Vcc 
Off Channel = 0V 


-1 






-1 






uA 




On Channel = 0V 
Off Channel = V cc 






1 






1 


HA 


Iqn/ On Channel Leakage 
Current (Note 9) 


5,9 


On Channel = 0V 
Off Channel = V C c 


-1 






-1 






uA 




On Channel = Vcc 
Off Channel = 0V 






1 






1 


uA 


Digital and DC 


V|N(i), Logical "1" Input 
Voltage 


5 




2.0 






2.0 






V 


V|N(0)/ Logical "0" Input 
Voltage 


5 








0.8 






0.8 


V 


I|N0), Logical "1" Input 
Current 


5 


Vin = Vcc 






1 






1 


uA 


liN(o)/ Logical "0" Input 
Current 


5 


V IN = 0V 


-1 






-1 






HA 


v out(1V Logical "1" 
Output Voltage 


5 


Iout = -2 mA 


4.0 






4.0 






V 


VouT(0)/ Logical "0" 
Output Voltage 


5 


Iout = 2mA 






0.4 






0.4 


V 


louT/ Three-State Output 


5 


VoUT = ov 


-1 






-1 






HA 


Current 


V OUT = v cc 






1 






1 


l*A 


•co Supply Current 


5 






1.5 


3 




1.5 


3 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
(NOTE 4) 



MAX UNITS 



AC and Dynamic Performance Characteristics (Note 10) 



*ACQ 


Sample and Hold Acquisition 








4 




VfcLK 


fcl-K 


Clock Frequency 


5 




100 




10240 


KHz 


tc 


Conversion Time 


5 






67 


67 + 250ns 


1/fcLK 


SNR 


Signal to Noise Ratio 




V, N = 51KHz / 5VSine. 

f CL K = 10.24MHz 

(^SAMPLING = 150KHz). Noise is Sum 

of All Nonfundamental Components 

upto1/2off SA MPLING 




47 




dB 


THD 


Total Harmonic Distortion 




V| N = 51KHz, 5VSine. 

fo_K = 10.24MHz 

(Sampling = 150KHz). THD is Sum 

of 2, 3, 4, 5 Harmonics Relative to 

Fundamental 




-60 




dB 


IMD 


Intermodulation Distortion 




Vin = fo + k- U = 49KHz, 2.5V Sine. 

f B = 47.8KHz, 2.5V Sine, 

klK = 10.24MHz 

(^SAMPLING = 1 50KHz). IMD is (f A + f B ), 

(f A - f B ), (2f A + f„), (2f A - f B ), (f A + 2f B ), 

(f A - 2f B ) Relative to Fundamental 




-60 




dB 


FR 


Frequency Response 




V, N = to 50KHz. 5V Sine Relative 
to 1 KHz 




0.1 




dB 


tDC 


Clock Duty Cycle 


6,11 




40 




60 


% 


tEOC 


End of Conversion Delay 


5 






8 


8 + 250ns 


VfcLK 


tws 


Start Pulse Width 


5 




50 






ns 


tss 


Start Pulse Setup Time 


6,12 


Synchronous Only 


40 






ns 


t\A/ALE 


Address Latch Enable Pulse Width 


5 




50 






ns 


ts 


Address Setup 


5 











ns 


t H 


Address Hold 


5 




50 






ns 


tH1,H0 


Output Enable for DB0-DB7 


6 
6 


Figure 1 , C L = 50pF 






100 


ns 




Figure 1, Q = 10pF 






50 


ns 


tlH, OH 


Output Disable for DB0-DB7 


6 
6 


Figure 1, Q. = 50pF 






200 


ns 




Figure 1, Cl = 10pF 






100 


ns 


Qn 


Capacitance of Logic Input 








5 




PF 


CqUT 


Capacitance of Logic Outputs 








10 




PF 



Note 2: 
Note 3: 

Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 



Note 9: 
Note 10: 
Note 11: 

Note 12: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired All voltages unless otherwise specified are measured with 

respect to ground 

When the input voltage (V )N ) at any pin exceeds the power supply rails (Vin < V- or V| N > V+) the absolute value of current at that pin should be limited to 25mA or less. 

-55°C to +1 25°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C to +85°C operating 

temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Total unadjusted erior includes offset, full scale, linearity, multiplexer and sample and hold errors. 

For -V R E F > V (N (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input which will forward conduct for analog input voltages 

one diode drop below ground or one diode drop greater than the V<x supply Be careful, during testing at low Vqc levels (4.5V), as htgh level analog inputs (5V) can 

cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale. The spec allow 1 0OmV forward bias of either 

diode. This means that as long as the analog Vin or Vref does not exceed the supply voltage by more than 100mV, the output code will be correct To achieve an 

absolute OVqc to 5Vqc input voltage range will therefore require a minimum supply voltage of 4 900Vqc over temperature variations, initial tolerance and loading 

Leakage current is measured with the clock not switching. 

C L = 50pF, timing measured at 50% point. 

A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty cycle outside of these limits, 

the minimum time the clock is high or the minimum time the clock is low must be at least 40ns. The maximum time the clock can be high or low is 60|xs. 

The conversion start setup time requirement only needs to be satisfied if a conversion must be synchronized to a given clock rising edge. If the setup time is not met, 

start conversion will have an uncertainty of one clock pulse. 
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Figure 1 . High Impedance Test Circuits and Waveforms 



TYPICAL PERFORMANCE CURVES 
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Figure 2. Linearity Error vs fcuc 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 3. Linearity Error vs Vref Voltage 
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Figure 4. Unadjusted Offset Error vs Vref Voltage 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 MULTIPLEXER ADDRESSING 

The ML2258 contains an 8-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address decoder. The relationship between the 
address inputs, ADDR0-ADDR2, and the analog input 
selected is shown in Table 1 . The address inputs are 
latched into the decoder on the rising edge of the address 
latch signal ALE. 



SELECTED 
ANALOG CHANNEL 


ADDRESS INPUT 
ADDR2 ADDR1 ADDRO 


INO 











IN1 








1 


IN2 





1 





IN3 





1 


1 


IN4 


1 








IN5 


1 





1 


IN6 


1 


1 





IN7 


1 


1 


1 



Table 1 . Multiplexer Address Decoding 

1.2 A/D CONVERTER 

The A/D converter uses successive approximation to 
perform the conversion. The converter is composed of the 
successive approximation register, the DAC and the 
comparator. 

The DAC generates the precise levels that determine the 
linearity and accuracy of the conversion. The DAC is 
composed of a capacitor upper array and a resistor lower 
array. The capacitor upper array generates the 4 MSB 
decision levels while the series resistor lower array generates 
the 4 LSB decision levels. A switch decoder tree is used to 
decode the proper level from both arrays. 



The capacitor/resistor array offers fast conversion, superior 
linearity and accuracy since matching is only required 
between 2 4 = 1 6 elements (as opposed to 2 8 = 256 
elements in conventional designs). And since the levels are 
based on the ratio of capacitors to capacitors and resistors to 
resistors, the accuracy and long term stability of the 
converter is improved. This also guarantees monotonicity 
and no missing codes, as well as eliminating any linearity 
temperature or power supply dependence. 

The successive approximation register is a digital block used 
to store the bit decisions from the conversion. 

The comparator design is unique in that it is fully differential 
and auto zeroed. The fully differential architecture provides 
excellent noise immunity, excellent power supply rejection, 
and wide common mode range. The comparator is auto 
zeroed at the start of each conversion in order to remove 
any DC offset and full scale gain error, thus improving 
accuracy and linearity. 

Another advantage of the capacitor array approach used in 
the ML2258 over conventional designs is the inherent 
sample and hold function. This true S/H allows an accurate 
conversion to be done on the input even if the analog signal 
is not stable. Linearity and accuracy are maintained for 
analog signals up to 1/2 the sampling frequency. As a result, 
input signals up to 75KHz can be converted without 
degradation in linearity or accuracy. 

The sequence of events during a conversion is shown in 
figure 5. The rising edge of a START pulse resets the internal 
registers and the falling edge initiates a conversion on the 
next rising edge of CLK. Four CLK pulses later, sampling of 
the analog input begins. The input is then sampled for the 
next four CLK periods until EOC goes low. EOC goes low on 
the rising edge of the 8th CLK pulse indicating that the 
conversion is now beginning. The actual conversion now 
takes place for the next 56 CLK pulses, one bit for each 7 
CLK pulses. After the conversion is done, the data is updated 
on DB0-DB7 and EOC goes high on the rising edge of the 
67th CLK pulse, indicating that the conversion has been 
completed and data is valid on DB0-DB7. The data will stay 



1/fcLK 



ADDR0-ADDR2 




\—T 



Figure 5. Timing Diagram 
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valid on DB0-DB7 until the next conversion updates the 
data word on the next rising edge of EOC. 

A conversion can be interrupted and restarted at any time by 
a new START pulse. 

1.3 ANALOG INPUTS AND SAMPLE/HOLD 

The ML2258 has a true sample and hold circuit which 
samples both the selected input and ground 
simultaneously. This simultaneous sampling with a true 
S/H will give common mode rejection and AC linearity 
performance that is superior to devices where the two 
input terminals are not sampled at the same instant and 
where true sample and hold capability does not exist. 
Thus, the ML2258 can reject AC common mode signals 
from DC-50KHz as well as maintain linearity for signals 
from DC-50KHz. 

The plot below (figure 6) shows a 2048 point FFT of the 
ML2258 converting a 50KHz, to 5V, low distortion sine 
wave input. The ML2258 samples and digitizes, at its 
specified accuracy, dynamic input signals with frequency 
components up to the Nyquist frequency (one-half the 
sampling rate). The output spectra yields precise 
measurements of input signal level, harmonic components, 
and signal to noise ratio up to the 8-bit level. The near ideal 
signal to noise ratio is maintained independent of increasing 
analog input frequencies to 50KHz. 

The signal at the analog input is sampled during the 
interval when the sampling switch is open prior to 
conversion start. The sampling window (S/H acquisition 
time) is 4 CLK periods long and occurs 4 CLK periods after 
START goes low. When the sampling switch closes at the 
start of the S/H acquisition time, 8pF of capacitance is 
thrown onto the analog input. 4 CLK periods later, the 
sampling switch opens, the signal present at analog input 
is stored and conversion starts. Since any error on the 
analog input at the end of the S/H acquisition time will 
cause additional conversion error, care should be taken to 
insure adequate settling and charging time from the 



source. If more charging or settling time is needed to 
reduce these analog input errors, a longer CLK period can 
be used. 

The ML2258 has improved latchup immunity. Each analog 
input has dual diodes to the supply rails, and a minimum 
of ±25mA (±100mA typically) can be injected into each 
analog input without causing latchup. 

1.4 REFERENCE 

The voltage applied to the +Vref and -Vref inputs defines 
the voltage span of the analog input (the difference 
between Vinmax anc ' ^inmin) over which the 256 possible 
output codes apply. The devices can be used in either 
ratiometric applications or in systems requiring absolute 
accuracy. The reference pins must be connected to a 
voltage source capable of driving the reference input 
resistance, typically 20K. 

In a ratiometric system, the analog input voltage is 
proportional to the voltage used for the A/D reference. 
This voltage is typically the system power supply, so the 
+ v ref P ,r > can be tied to V C c and -V REF tied to GND. This 
technique relaxes the stability requirements of the system 
reference as the analog input and A/D reference move 
together maintaining the same output code for a given 
input condition. 

For absolute accuracy, where the analog input varies 
between specific voltage limits, the reference pins can be 
biased with a time and temperature stable voltage source. 

In contrast to the ADC0808 and ADC0809, the ML2258 
-Vref and +Vref reference values do not have to be 
symmetric around one half of the supply. +Vref and 
-Vref can be at any voltage between V C c and GND. In 
addition, the difference between +Vref and -Vref can be 
set to small values for conversions over smaller voltage 
ranges. Particular care must be taken with regard to noise 
pickup, circuit layout and system error voltage sources 
when operating with a reduced span due to the increased 
sensitivity of the converter. 
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1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 1 OjllF electrolytic capacitor is recommended to bypass 
Vcc to GND, using as short a lead length as possible. In 
addition, with clock frequencies above 1MHz, a 0.1 uf 
ceramic disc capacitor should be used to bypass Vcc to 
GND. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1 uf Ceramic disc capacitors at 
the reference pins (pins 12, 16). 

1.6 DYNAMIC PERFORMANCE 
Signal-to- Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76)dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2258 is defined as 



20log: 



(V 2 2 + V 3 2 + V 4 2 + V 5 2 )l/ 2 



where Vi is the rms amplitude of the fundamental and V 2 , 
V3, V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 



Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, 
f A and f B/ any active device with non linearities will create 
distortion products, of order (m+n), at sum and difference 
frequencies of mf A + nf B , where m, n = 0, 1 , 2, 3,... . 
Intermodulation terms are those for which m or n is not 
equal to zero. The ML2258 (IMD) intermodulation 
distortion specification includes the second order terms 
(fA + h) anal (t\ _ fe) ar| d the third order terms (2fA + 1b)/ 
(2f A - f B ), (f A + 2f B ) and (f A - 2f B ) only. 

1.7 DIGITAL INTERFACE 

The analog inputs are selected by the digital addresses, 
ADDR0-ADDR2, and latched on the rising edge of ALE. 
This is described in the Multiplexer Addressing section. 

A conversion is initiated by the rising edge of a START 
pulse. As long as this pulse is high, the internal logic is 
reset. 

The sampling interval starts with the 4th CLK rising edge 
after a START falling edge and ends on the 8th rising edge 
of CLK, 4 CLK periods later. On the rising edge of the 8th 
CLK pulse, the conversion starts and EOC goes low. 

Each bit conversion in the successive approximation 
process takes 7 CLK periods. On the rising edge of the 64 
CLK pulse, the digital output of the conversion is updated 
on the outputs DB0-DB7. On the rising edge of the 65th 
CLK pulse, EOC goes high indicating the conversion is 
done and data on DB0-DB7 is valid. 

One feature of the ML2258 over conventional devices is 
that the data is double buffered. This means that the 
outputs DB0-DB7 will stay valid until updated at the end 
of the next conversion and will not become invalid when 
the next conversion starts. This facilitates interfacing with 
external logic of uP. 

The signal OE drives the data bus, DB0-DB7, into the 
high impedance state when held low. This allows the 
ML2258 to be tied directly to a jliP system bus without any 
latches or buffers. 
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2.0 TYPICAL APPLICATIONS 
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Figure 7. Protecting the Input 



Figure 8. Operating with Ratiometric Transducers 15% of 
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Figure 9. Continuous Conversion Mode 
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ORDERING INFORMATION 



PART NUMBER 


ALTERNATE 
PART NUMBER 


TOTAL 
UNADJUSTED ERROR 


TEMPERATURE 
RANGE 


PACKAGE 


ML2258BMJ 
ML2258BIJ 
ML2258BIP 
ML2258BIQ 


ADC0808CJ 
ADC0808CCJ 
ADC0808CCN 
ADC0808CCV 


±1/2LSB 


-55°Cto+125°C 
-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


Hermetic DIP (J28) 
Hermetic DIP (J28) 
Molded DIP (P28) 
Molded PCC (Q28) 


ML2258CIJ 
ML2258CIP 
ML2258CIQ 


ADC0809CCN 
ADC0809CCV 


±1LSB 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


Hermetic DIP (J28) 
Molded DIP (P28) 
Molded PCC (Q28) 
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ML2261 



//P Compatible High-Speed 8-Bit 
A/D Converter with T/H (S/H) 



GENERAL DESCRIPTION 

The ML2261 is a high-speed, (j? compatible 8-bit A/D 
converter with a conversion time of 670ns over the 
operating temperature range and supply voltage 
tolerance. The ML2261 operates from a single 5V 
supply and has an analog input range from GND to 
Vco 

The ML2261 has two different pin selectable modes. 
The T/H mode has an internal track and hold. The S/H 
mode has a true internal sample and hold and can 
digitize to 5V sinusoidal signals as high as 500kHz. 
Timing is compatible with the AD7821. 

The ML2261 digital interface has been designed so that 
the device appears as a memory location or I/O port 
to a f/R 

The ML2261 is an enhanced, pin compatible second 
source for the industry standard ADC0820 and AD7820. 
The ML2261 enhancements are faster conversion time, 
parameters guaranteed over the supply tolerance and 
temperature range, improved digital interface timing, 
superior power supply rejection, and better latchup 
immunity on analog inputs. 



FEATURES 

■ Conversion time, WR-RD mode over temperature 
and supply voltage tolerance 

Track & Hold Mode 850ns max 

Sample & Hold Mode 700ns max 

■ Total unadjusted error ±1/2 LSB or ±1 LSB 

■ Digitizes a 5V, 250kHz sine wave to 8-bit accuracy 

■ No missing codes 

■ 0V to 5V analog input range with single 5V power 
supply 

■ No zero or full scale adjust required 

■ Analog input protection 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Easy interface to yP, or operates stand alone 

■ Power-on reset circuitry 

■ Low power 75m W 

■ Standard 20-pin DIP or surface mount PCC 

■ Superior pin compatible replacement for ADC0820 
and AD7820 
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PIN CONNECTIONS 




O INT 





20-Pin DIP 


20-Pin PCC 


V|N [ 


1 ^20 


] v C c 


DBO V C C 


DBO [ 


2 19 

3 18 

4 17 


] SH/TH 
] OFL 
] DB7 




DB1 I Vin | SH/TH 

nnnnn 




DB1 [ 
DB2 [ 


DB2 [ 


f 3 2 1 20 19 
4 18 


] OFL 


DB3 [ 
WR/RDY [ 


5 16 

6 15 


] DB6 
] DB5 


DB3 [ 
WR/RDY [ 


5 17 

6 16 


] DB7 
] DB6 


MODE [ 


7 14 


] DB4 


MODE [ 


7 15 


] DB5 


RD [ 


8 13 

9 12 

10 11 


]cs 

] +VREF 

] -Vref 


RD [ 


8 14 
9 10 11 12 13 


] DB4 


iNT [ 
GND [ 




1 II II II II 1 

INT | -Vref 1 CS 
GND +Vref 






TOP VIEW 




TOP VIEW 



CS WR/RDY RD 



2-108 



fl^L* Micro Linear 



ML2261 



PIN DESCRIPTION 



PIN NO. 



NAME 



FUNCTION 



1 


V,N 


2 


DBO 


3 


DB1 


4 


DB2 


5 


DB3 


6 


WR/RDY 



MODE 



RD 



INT 



Analog input. 

Data output — bit (LSB). 

Data output — bit 1. 

Data output — bit 2. 

Data output — bit 3. 

Write input or ready out put In 
WR-RD mode, this pin is WR 
input. In RD mode, this pin is 
RDY open drain output. See 
Digital Interface section. 

Mode select input. 
MODE = GND: RD mode 
MODE = V CC : WR-RD mode 

Pin has internal current source 

pulldown to GND. 

Read input. In RD mode, this 
pin initiates a conversion. In 
WR-RD mode, this pin latches 
data into output latches. See 
Digital Interface section. 

Interrupt output. This output 
signals the end of a conversion 
and indicates that data is valid 
on the data outputs. See Digital 
Interface section. 



PIN NO. NAME 



FUNCTION 



10 


GND 


Ground. 


11 


-Vref 


Negative reference voltage for 
A/D converter. 


12 


+ Vref 


Positive reference voltage for 
A/D converter. 


13 


CS 


Chip select input. This pin must 
be held low for the device to 
perform a conversion. 


14 


DB4 


Data output — bit 4. 


15 


DB5 


Data output — bit 5. 


16 


DB6 


Data output — bit 6. 


17 


DB7 


Data output — bit 7 (MSB). 


18 


OFL 


Overflow output. This output 
goes low at end of conversion 
if V|n is greater than 
+Vref - V2LSB. 


19 


SH/TH 


S/H, T/H mode select. When 
SH/TH = Vco the device is in 
sample and hold mode. When 
SH/TH = GND, the device is in 
track and hold mode. Pin has 
internal pulldown current 
source to GND. 


20 


Vcc 


Positive supply. +5 volts ± 5%. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage, V cc 6.5V 

Voltage 

Logic Inputs -0.3V to V cc + 0.3V 

Analog Inputs -0.3V to V C c + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +150°C 

Package Dissipation 
at T A - 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

Supply Voltage, Vcc 4.5V DC to 6.0Vqc 

Temperature Range (Note 3) T M | N < T A < Tmax 

ML2261BIJ, ML2261CIJ -40°C to +85°C 

ML2261BCQ, ML2261CCQ 

ML2261BCR ML2261CCP 0°C to +70°C 



^t^ Micro Linear 



2-109 



ML2261 

ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T M!N to Tmax, Vcc ■ + Vref s 5V ± 5%, and -Vref ■ GND 



PARAMETER 



NOTES 



CONDITIONS 



ML2261XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2261XIX 



MIN 



TYP 
(Note 4) 



MAX 



Converter 



Total Unadjusted Error 
ML2261BXX 
ML2261CXX 


5, 7 


Vref = V CC 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


+Vref Voltage Range 


6 




-Vref 




Vcc + 0.1 


-Vref 




Vcc+0.1 


V 


-Vref Voltage Range 


6 




GND-0.1 




+ Vref 


GND-0.1 




+Vref 


V 


Reference Input 
Resistance 


5 




1 


2 


3 


1 


2 


3 


kO 


Analog Input Range 


5, 8 




GND-0.1 




Vcc+0.1 


GND-0.1 




Vcc+0.1 


V 


Power Supply Sensitivity 


5 


DC 

V CC - 5V ± 5%, V REF - 4.75V 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




100mVp-p 

100kHz sine on Vco 

V, N = 




±1/16 






±1/16 




LSB 


Analog Input Leakage 
Current 


5,9 


Converter Idle 


-1 




+1 


-1 




+1 


//A 


Analog Input Capacitance 




During Acquisition Period 




45 






45 




PF 



Digital and DC 



V|nov Logical "1" Input 


5 


WR, RD,CS 


2.0 






2.0 






V 


Voltage 


MODE, SH/TH 


Vcc-0.5 






Vcc-0.5 






V 


V| N(0 ), Logical "0" Input 


5 


WR,RD,CS 






0.8 






0.8 


V 


Voltage 


MODE, SH/TH 






0.5 






0.5 


V 


I IN(1V Logical "1" 


5 


V|H = Vcc 


WR, RD,CS 






1 






1 


M 


Input Current 


MODE, SH/TH 


15 


50 


150 


15 


50 


150 


M 


l, N(0 ), Logical "0" 


5 


V, L = GND 


WR, RD, CS 


-1 






-1 






VA 


Input Current 


MODE, SH/TH 


-20 






-20 






M 


VouTny Logical "1" 
Output Voltage 


5 


Iqut - -2mA 


4.0 






4.0 






V 


Voukov Logical "0" 
Output Voltage 


5 


Iqut - 2mA 






0.4 






0.4 


V 


'out/ Three-State Output 


5 


Vout - 0V 


-1 






-1 






VA 


Current 


VoUT = V cc 






1 






1 


M 


QduT/ Logic Output 
Capacitance 








5 






5 




PF 


Cum, Logic Input 
Capacitance 








5 






5 




PF 


'co Supply Current 


5 


CS = WR = RD = "1" 
No Output Load 




8 


14 




8 


15.5 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta - T M in to t ma& v cc = +v ref = 5V ± 5%, -Vr E f = GND, and timing measured at 1.4V, . 
C L = 100pR 



PARAMETER 



NOTES 



CONDITIONS 



ML2261XOC 



MIN 



TYP 

(Note 4) 



MAX 



ML2261XIX 



MIN 



TYP 
(Note 4) 



MAX UNITS 



AC and Dynamic Performance (Note 9) 



tcRD/ Conversion Time, 
Read Mode 


5 


RD to INT, MODE = OV 






1060 






1100 


ns 


tcwR-RD' Conversion Time, 
Write-Read Mode 


5, 9 


WR Falling 
Edge to INT, 

*RD < t|NT/ 

MODE = V cc 


SH/TH = V cc 




650 


700 




690 


740 


ns 




SH/TH=GND 






850 






920 


ns 


SNR, Signal to Noise Ratio 




V, N = 5V, 250kHz 

Noise is sum of all 

nonfundamental 

components 

from 0-500kHz. 

SH/TH = V co MODE = V cc 

^SAMPLING = 1 MHz 




48 






48 




dB 


HD, Harmonic Distortion 




V, N = 5V, 250kHz 

THD is sum of 2-5th 

harmonics relative to 

fundamental. 

SH/TH = V co MODE = V CC 

^SAMPLING = 1 MHZ 




-63 






-63 




dB 


IMD, Intermodulation 
Distortion 




fa = 2.5V, 250kHz 

fb = 2.5V, 248kHz 

1MB is (fa + fb), (fa - fb), 

(2fa + fb), (2fa - fb), 

(fa + 2fb), or (fa - 2fb) 

relative to fundamental. 

SH/TH = V co MODE = V cc 

^SAMPLING = 1 MHZ 




-60 






-60 




dB 


FR, Frequency Response 




V, N = 5V, 0-250kHz 

Relative to 1kHz 

SH/TH - V co MODE = V cc 

^SAMPLING " 1 MHz 




±0.1 






±0.1 




dB 


SR, Slew Rate Tracking 


6 


SH/TH = V cc 






4.0 






4.0 


V/fjs 


SH/TH = GND 






.25 






.25 


V//js 



AC Performance Read Mode (Pin 7 


= 0V), Figure 2 
















tRDY/ CS to RDY Delay 


5 









65 







70 


ns 


tRDDr RD LOW tO 

RDY Delay 


5, 10 


Figure 1 






1060 






1100 


ns 


t css , CS to RD, WR 
Setup Time 


5 


















ns 


t C sH/ CS to RD, WR 
Hold Time 


5 


















ns 


tcRD/ Conversion Time — 
RD Low to INT Low 


5, 10 








1060 






1100 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta ■ Tmin to Tsaaoo Vcc = + Vref = 5V ± 5%, -Vref ! 
C L - 100pF 



GND, and timing measured at 1.4V, 



PARAMETER 



NOTES 



CONDITIONS 



ML2261XCX 



MIN 



TYP 

(Note 4) 



MAX 



ML2261XIX 



MIN 



TYP 
(Note 4) 



MAX 



AC Performance Read Mode (Pin 7 


- 0V), Figure 2 (Continued) 
















t A cco Data Access Time 
RD to Data Valid 


5 




tCRD 




tcRD + 30 


tCRD 




tcRD + 30 


ns 


t RDPW , RD Pulse Width 


5 




tcRD + 30 






t C RD + 30 






ns 


t, NTH , RD to INT Delay 


5, 10 









65 







70 


ns 


t DH/ Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 1 







50 







60 


ns 


tp, Delay Time Between 
Conversions — INT Low 


5, 10 


Sample & Hold Mode, 
SH/TH = V cc 


300 






325 






ns 


to RD Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 



AC Performance Write- Read Mode (Pin 7 = 5V), Figures 3 and 4 
















tcss, CS to RD, WR 
Setup Time 


5 


















ns 


t CSH , CS to RD, WR 
Hold Time 


5 


















ns 


t WR , WR Pulse Width 


5 


SH/TH = V cc 


170 




50K 


180 




50K 


ns 


6 


SH/TH = GND 


320 




50K 


360 




50K 


ns 


t RD , Read Time — WR 
High to RD Low Delay 


5 


tRD < t|NTL 


275 






290 






ns 


t R! , RD to INT Delay 


5, 10 


tRD < t|NTL 







255 







270 


ns 


Ucci/ Data Access Time 
— RD Low to Data Valid 


5 


tRD < t| NTL 







260 







280 


ns 


tcwR-RD/ Conversion Time 
— WR Falling Edge to 
INT Low 


5,9,10 


tRD < t|NTb SH/TH = V cc 




650 


700 




690 


740 


ns 


6,9,10 


tRD < tfNTL* SH/TH = GND 






850 






920 


ns 


tiNTL/ Internal Comparison 
Time — WR Rising Edge 
to INT Low 


5, 10 


tRD > t|NTL 






650 






670 


ns 


Uc£2l ^ ata Access Time 
— RD to Data Valid 


5 


tRD > t|NTL 







50 







60 


ns 


t DH , Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 1 







50 







60 


ns 


t INTH , RDt to iNTt Delay 


5, 10 









65 







70 


ns 


t P , Delay Time Between 
Conversions — INT Low 


5, 10 


Sample & Hold Mode, 
SH/TH = V cc 


300 






325 






ns 


to WR Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 


tiHWR, WW to iNTt Delay 


5, 10 


Standalone Mode 







100 







110 


ns 


t iD , Wi to Data 
Valid Delay 


5, 10 


Standalone Mode 







20 







30 


ns 
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Note 1: 

Note 2: 

Note 3: 

Note 4: 
Note 5: 
Note 6: 
Note 7: 

Note 8: 



Note 9: 
Note 10: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

When the voltage at any pin exceeds the power supply rails (V )N < GND or V, N > V cc ) the absolute value of current at that pin 

should be limited to 25mA or less. 

0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% 

testing, sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Total unadjusted error includ es o ffset, full scale, linearity, and sample and hold errors. Total unadjusted error is tested a t the 

minimum specified times for WR, RD, t R) , and t P . For example, for the ML2261XCX in the sample and hold mode, WR/RD mode: t W R ■ 

170ns, t RD - 275ns with a frequency of 1.00MHz (cycle time of 1000ns). 

For -V REF > V| N the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct 

for analog input voltages one diode drop below ground or one diode drop greater than the V cc supply. Be careful, during testing at 

low V cc levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct — especially at elevated temperatures, and 

cause errors for analog inputs near full scale. The spec allows 100mV forward bias of either diode. This means that as long as the analog 

V !N or V REF does not exceed the supply voltage by more than 100mV, the output code will be correct. To achieve an absolute OVqq to 

5V|x: input voltage range will therefore require a minimum supply voltage of 4.900VDC over temperature variations, initial tolerance and 

loading. 

Conversion time, write-read mode = t WR + t RD + t Rl . 

Defined from the time an output crosses 0.8V or 2.4V. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2261 uses a two stage flash technique for A/D 
conversion. This technique first performs a 4 bit flash 
conversion on Vin to determine the 4 MSB's. These 
4 MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog 
input signal from the DAC is then subtracted from the 
input, and the difference voltage is converted by a 
second 4 bit flash conversion, providing the 4 LSB's of 
the output data word. An additional overrange function 
detects if V| N is greater than +V REF - VASB. 

1.1 ANALOG INPUT 

The analog input on the ML2261 behaves differently 
than inputs on conventional converters. The analog 
input current requirements change while the 
conversion is in progress, and the amount of input 
current depends on what cycle the converter is in. 

The equivalent input circuit for the converter is shown 
in Figu re 6 . When the conversion starts in the T/H 
mode (WR1 in the WR-RD mode or RDi in the RD 
mode) S1, S4 and S6 close and S3 opens. This period is 
known as the acquisition period where the MSB flash 
converter tracks the input signal and the LSB flash 
converter samples it. During this period, V| N is 
connected to the 16 MSB and 15 LSB comparators. 
Thus 38 pF of input capacitance must be charged up 
through the combined Ron resistance of the internal 
analog switches plus any external source resistance, R$. 
In addition, there is a stray capacitance of approximately 
11 pF that needs to be charged through the external 
source resist ance R s . This period ends in the WR-RD 
mode when WRt or by an internal timer in the RD 
mode. At this point S1 and S4 open and the analog 
input at V||si is no longer being sampled; thus during 
this time the analog voltage on Vin does not affect 
converter performance. 
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Figure 6. Converter Equivalent Input Circuit 



As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB 
comparators are sampling the input, known as the 
acquisition period. The source of the external signal on 
V|n must adequately charge up the analog voltage 
during the acquisition period. To do this, the input 
must settle within the required analog accuracy 
tolerance at least 50ns before the end of the acquisition 
period so that the MSB comparators have adequate 
time to make the correct decision. If more time is 
needed due to finit e cha rging or settling time of the 
external source, the WR low period can be extended in 
WR-RD mode. In RD mode, since the acquisition time 
is fixed by internal delays, the burden is on the external 
source to charge up and settle the input adequately. 

When the ML2261 operates in the S/H mode (pin 19 = 
V<x) b°th the MSB and the LSB flash converter perform 
a true sample and hold operation during the 
acquisition or sam pling period. This period starts after 
th e fal ling edge of INT and ends with the falling edge 
of WR in the WR-RD mode or the falling edge of RD in 
the RD mode. The duration of this period is user 
controlled and must satisfy a minimum of tp. 

During this period S1, S3, S4 and S6 close, therefore 46 
pF of input capacitance must be charged up in addition 
to the 11 pF of stray capacitance. 

1.2 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2261 in T/H mode 
has a track and hold mechanism for sampling the input. 
The input is attached to the MSB comparators directly 
in the MSB compare cycle, or acquisition period. When 
the MSB compare cycle ends, the state of the MSB 
comparators is latched. The LSB Flash Converter always 
performs a S/H operation. Thus, the analog input signal 
can be changing during the MSB compare cycle, or 
acquisition period, and the MSB comparators will be 
tracking it as long as the slew rate of the analog input 
is slow enough so that the MSB comparators can 
respond. The ML2261 can track and hold signals with 
slew rates as high as .25V///S (16kHz @ 5 volts) without 
sacrificing conversion accuracy. 

The ML2261 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically 
digitize signals of frequencies much higher than the 
T/H mode. The ML2261 in S/H mode can digitize 
signals of frequencies as high as 250kHz @ 5V (slew 
rates as high as 4V7/is) without sacrificing conversion 
accuracy. In most applications, the S/H mode is more 
desirable than T/H mode because of the better dynamic 
performance. 



fi^. Micro Linear 



2-115 



ML2261 



1.2.1 CONVERTER — T/H MODE 

The operating sequence for the WR-RD mode is 
illustrated in Figure 7a . Init ially, the internal comparators 
are auto-zeroed while WR is h igh. A conv ersio n is 
initiated by the falling edge of WR. While WR is low, 
the MSB comparators are tracking the analog input and 
comparing this voltage against voltages from the 
internal resistor ladder. At the same time, the input is 
being acquire d or sampled by LSB comparators. On the 
rising edge of WR, the MSB comparator results are 
latched, and the LSB acquisition time is ended by 
closin g the sampling switch to the LSB comparators. 
While WR is high, the LSB comparators then compare 
the residual input voltage against internal voltages from 
the resistor ladder to determine the 4 LSB's . Wh en the 
LSB comparison or conversion is complete, INT goes 
low and latches the conversion result into the output 
latch es. Then, the comparators are auto-zeroed while 
WR is high before another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, except the 
conversion is initiated by the falling edge of RD, and 
the MSB and LSB conversions are generated by internal 
clock edges that are generated while RD is low. 



1.2.2 CONVERTER — S/H MODE 

The operating sequence for S/H mode is illustrated in 
Figure 7b. Notice that it is similar to T/H mode 
described above except this mode has a tr ue sample 
and hold function. The falling edge of INT closes the 
sampling switch and starts the acquisition period where 

the analog input is sampled at the same time all 

comparators are auto-zeroed. The falling edge of WR 
opens the internal sampling switch, ends the acquisition 
period, and starts the conversion on the internally 
sample and held sig nal. T he MSB comparators make 
thei r decisions while WR is low. On the rising edge of 
WR, the MSB comparator results are la tched . The LSB 
comparators make their decision when WR is high. 
Wh en the LSB comparison or conversion is complete, 
INT goes low and latches the conversion result into the 
output buffers. Then, the acquisition period begins 
again and the converter is ready for the next 
conversion. 

The operating sequence for the RD mode is the same 
as the WR-RD mode, except the conversion is initiated 
by the falling edge of RD, and the MSB and LSB 
conversions are generated by internal clock edges that 
are generated while RD is low. 
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Figure 7. Operating Sequence (WR-RD Mode) 
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1.3 REFERENCE 

The +Vref and -Vref inputs are the reference voltages 
that determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vref defines 
the analog input which produces a full scale output and 
-Vref defines the analog input which produces an 
output code of all zeroes. The transfer function for the 
A/D converter is shown in Figure 8. 

+Vref and -Vref can be set to any voltage between GND 
and V C G This means that the reference voltages can be 
offset from GND and the difference between +Vref + and 
-Vref- can be made small to increase the resolution of 
the conversion. Note that the total unadjusted error 
increases when [+Vr E f - (-Vref)I decreases. 




USB2LSB'S3LSB'S ^ FS 

FS - 1 LSB 
Aim, INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 8. A/D Transfer Characteristic 

1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

A 0.1/jF ceramic disc capacitor is recommended to 
bypass Vcc to GND, using as short a lead length as 
possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1//F ceramic disc capacitors at 
the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1.5.1 SINUSOIDAL INPUTS 

Since the ML2261 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little 
or no signal degradations. Using the Nyquist criteria, 
the highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (f s ). Any frequency 
components above f s /2 will be aliased below f s /2. In 
most applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to f s /2, then 
the requirements on the anti-alias filter become difficult 



to impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of f max 
in order to relax the filtering requirements enough to 
make a realizable anti-alias filter. 

The maximum sampling rate (f max ) for the ML2261 in 
the WR-RD mode, (t RD < tiNTi) can be calculated as 
follows: 



twR + *RD + tR| + tp 
1 



170ns + 275ns + 255ns + 300ns 



fmax = LOO MHz 

twR " Write Pulse Width 

tRD = Delay Time between WR and RD Pulses 

t R | = RD to INT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1MHz for the 
ML2261. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2261 are all specified at 
250kHz, which is approximately 1/4 of the sampling 
rate, f s . 

In applications where aliased frequency components 
are acceptable and filtering of the input signal is not 
needed or where a filter with a steep amplitude 
response is available, the user can apply an input 
sinusoid higher than 250kHz to the device. Note, 
however, that as the input frequency increases above 
500kHz, dynamic performance degradation will occur 
due to the finite bandwidth of the internal sample and 
hold. 

The Figure 9 plots are 4096 point FFT's of the ML2261 
converting a 257kHz and a 491kHz, to 4.5V, low 
distortion sine wave input. The ML2261 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist 
frequency (one-half the sampling rate). The output 
spectra yields precise measurements of the input signal 
level, harmonic components, and signal to noise ratio 
up to the 8-bit level. The near ideal signal to noise ratio 
is maintained independent of increasing analog input 
frequencies to 500kHz. 

1.5.2 SIGNAL-TO-NOISE RATIO 

Signal-to-noise ratio (SNR) is the measured signal to 
noise at the output of the converter. The signal is the 
rms magnitude of the fundamental. Noise is the rms 
sum of all the nonfundamental signals up to half the 
sampling frequency. SNR is dependent on the number 
of quantization levels used in the digitization process; 
the more the levels, the smaller the quantization noise. 
The theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 
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Figure 9. Dynamic Performance, Sample and Hold Mode 



1.5.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic 
distortion (THD) of the ML2261 is defined as 



20 log 



( y 2 2 + y 3 2 + y 4 2 + y s 2fh 
Vi 



where \A| is the rms amplitude of the fundamental and 
v 2/ v 3r v 4/ v 5 are the rms amplitudes of the individual 
harmonics. 

1.5.4 INTERMODULATION DISTORTION 

With inputs consisting of sine waves at two frequencies, 
ta and fa, any active device with nonlinearities will 
create distortion products, of order (m + n), at sum and 
difference frequencies of mf^ + nf B , where m, n = 0, 1, 
2, 3 . . . Intermodulation terms are those for which m 
or n is not equal to zero. The (IMD) intermodulation 
distortion specification includes the second order terms 
(fA + f B ) and (ta - f B ) and the third order terms 
(2f A + f B ), (2f A - f B ), (fA + 2f B ), and (f A - 2f B ) only. 

1.6 DIGITAL INTERFACE 

The ML2261 has two basic interface modes, RD and 
WR-RD, which are selected by the MODE input pin. 

1.6.1 RD MODE 

In the RD mode, the WR/RDY pin is configured as the 
RDY output. The read mode performs a conversion 
with a single RD pulse. This allows the fj? to start a 
conversion, wait, and then read data with a single read 
instruction. 



The timing for the RD mode is shown in Figure 2. To 
do a conversion, CS must be low to select the device. 
After CS goes low, the RDY output goes low indicating 

that the device is ready to do a conversion. The 

conversion starts on the falling edge of RD. While RD is 
low, the MSB and LSB decisions are made with 
internally generated clock edges. Wh en the conversion 
is complete, RDY goes high and INT goes low signaling 
the end of the conversion. After INT goes low, the data 

outputs go from high impedance to active state with 

valid output data. Data stays valid until either RD or CS 
goes high. When either signal goes high, the outp ut 
data lines return to the high impedance state and INT 
returns high. A pull up resistor on RDY in the sample 
and hold mode will cause clock i njec tion, degrading 
the total unadjusted error, unless CSi is > 20ns before 
RDi. 

1.6.2 WR-RD MODE 

In the WR-RD mode, the WR/RDY pin is configured as 
the WR input. In this mode, WR initiates the 
conversion and RD controls reading the output data. 
This can be done in several ways, described below. 

1.6.3 WR-RD MODE — USING INTERNAL DELAY 
(*RD > tlNTi) 

The timing is shown in Figure 3. To do a co nver sion, 
CS must be low to select the devic e. Th en, WR falling 
edge triggers the conversio n. W hile WR is low, the MSB 
comparison is made. When WR returns hig h the LSB 
decision is made. After some internal delay, INT goes 
low indicating end of conversion. Valid data will appear 
on DBO-7 when RD is pulled low. INT is then reset by 
the rising edge of either CS or RD. 
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1.6.4 WR-RD MODE — READING BEFORE DEIAY 
(tRD < t|NTl) 

The internally generated delay for the LSB decision 
when tRD > t|NTL is longer than necessary due to 
circuit design tolerances of tiNu delay. If desired, a 
faster conversion will result without loss of accuracy by 
bringing RD low within the minimum time specified for 
tRD- The timin g diagram for this mode is shown in 
Figure 4. WR is the same as when tRD >Jintl- But in 
this case, RD is brought lo w tRD ns after WR rising 
edge and before INT. INT goes low indicating an end 
of conversion after the fallin g ed ge of RD and is reset 
on the risi ng ed ge of RD or CS. When RD is brought 
low before INT goes low the dat a bus always remains 
in the high-impedance state until INTi. 



1.6.5 WR-RD MODE — STAND ALONE OPERATION 

Stand alone operation can be imp leme nted by tying CS 
and RD low as shown in Fig ure 5 . WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When, WR goes high, the LSB 
comparison is made. Since RD is already low, the 
output data will a ppe ar automaticall y at end of 
conversion. Si nce RD is always low, INT is reset on 
rising edge of WR and goes low at end of conversion. 

1.6.6 POWER-ON RESET 

When power is first applied, anjnternal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2261 from starting in 
an unkn own state. During this period of approximately 
3//s, INT remains high and the data bus is in the high- 
impedance state. 
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2.0 TYPICAL APPLICATIONS 
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Figure 10. Protecting the Input 



Figure 11. Using Vcc * Reference for Ratiometric 
Operation 



0<V, N <VccC 



+VREF 
ML2261 



^.lyuF 



} 



Vrefout 

ML2340 

D/A 

WITH 

REFERENCE 



3Vout 



VlNC 



ML2261 
CS 



IN" 
RD 



DB7 
DBO 



I" - ADI 

3£ 



ADDRESS 
DECODE 



-Cx^O- 



kl 



°C_f<>^- R/w 



} 



DB7 
DBO 



Figure 12. Using External Reference of D/A 



Figure 13. 68000 Type Interface to ML2261 




Figure 14. 9-Bit Resolution 
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2.0 TYPICAL APPLICATIONS (Continued) 
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Figure 15. ±2.5V Analog Input Range 



Figure 16. Simultaneous Sampling of Two Variables 
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Figure 17. TMS320 Interface with D/A Output 
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Figure 18. 8051 Interface to ML2261 
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TYPICAL APPLICATIONS (Continued) 
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Figure 19. Operating with a Ratiometric Analog Signal of 15% of Vcc to 85% of Vcc 



ORDERING INFORMATION 



PART NUMBER 


TOTAL 
UNADJUSTED ERROR 


TEMPERATURE 
RANGE 


PACKAGE 


ML2261BIJ 

ML2261BCP 

ML2261BCQ 


±V2 LSB 


-40°C to +85°C 
0°C to +70°C 
0°C to +70°C 

-40°C to +85°C 
0°C to +70°C 
0°C to +70°C 


HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 


ML2261CIJ 

ML2261CCP 

ML2261CCQ 


±1 LSB 


HERMETIC DIP (J20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 
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4-Channel High-Speed 8-Bit 
A/D Converter with T/H (S/H) 



GENERAL DESCRIPTION 

The ML2264 is a high-speed, fxP compatible, 4-channel 
8-bit A/D converter with a conversion time of 680ns over 
the operating temperature range and supply voltage 
tolerance. The ML2264 operates from a single 5V supply 
and has an analog input range from GND to Vco 

The ML2264 has two different pin selectable modes. The 
T/H mode has an internal track and hold. The S/H mode 
has a true internal sample and hold and can digitize to 
5V sinusoidal signals as high as 500kHz. 

The ML2264 digital interface has been designed so that 
the device appears as a memory location or I/O port to a 
liP. Analog input channels are selected by the latched and 
decoded multiplexer address inputs. 

The ML2264 is an enhanced, pin compatible second 
source for the industry standard AD7824. The ML2264 
enhancements are faster conversion time, parameters 
guaranteed over the supply tolerance and temperature 
range, improved digital interface timing, superior power 
supply rejection, and better latchup immunity on analog 
inputs. 



FEATURES 

■ Conversion time, WR-RD mode over temperature and 
supply voltage tolerance 

Track & Hold Mode 830ns max 

Sample & Hold Mode 700ns max 

■ Total unadjusted error ±1/2LSBor±1 LSB 

■ Capable of digitizing a 5V, 250kHz sine wave 

■ 4-analog input channels 

■ No missing codes 

■ 0V to 5V analog input range with single 5V power 
supply 

■ No zero or full scale adjust required 

■ Analog input protection 25mA min 

■ Operates ratiometrically or with up to 5V voltage 
reference 

■ No external clock required 

■ Power-on reset circuitry 

■ Low power 100mW 

■ Narrow 24-pin DIP or surface mount SOIC 

■ Superior pin compatible replacement for AD7824 
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in 


^) SH/TH 


AIN3(T 


2 


23 


in 


^A0 


AIN2l~T 


3 


22 


in 


Uai 


AINir~T 


4 


21 


m 


^DB7 


MODE EH 


5 


20 


m 


I]DB6 


PBorr 


6 


19 


m 


^]DB5 


pBi rr 




18 


in 


^DB4 


PB2I-T 


8 


17 


m 


JCS 


DB3l~T 


9 


16 


m 


3 WR/RDY mu - 


10 


15 


3D 


D+Vref 


INT FT 


11 


14 


m 


U-Vref 


GNprr 


12 


13 


nzi 



Vcc 

SH/TH 

A0 

A1 

DB7 

DB6 

DB5 

DB4 

CS 

WR/RDY 

+VREF 

-Vref 



INT CS WR/RDY RD SH/TH MODE 
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PIN DESCRIPTION 

PIN# NAME FUNCTION 



PIN# NAME 



FUNCTION 



1 A IN 4 Analog input 4. 

2 A IN 3 Analog input 3. 

3 A IN 2 Analog input 2. 

4 A IN 1 Analog input 1 . 

5 MODE Mode select input. 

MODE = GND: RD mode 
MODE = V cc : WR-RD mode 

Pin has internal current source 

pulldown to GND. 

6 DBO Data output — bit O(LSB). 

7 DB1 Data output — bit 1 . 

8 DB2 Data output — bit 2. 
8 DB3 Data output — bit 3. 

10 RD Read input. In RD mode, this pin 

initiates a conversion. In WR-RD 
mode, this pin latches data into output 
latches. See Digital Interface section. 

1 1 INT Interrupt output. This output signals 

the end of a conversion and indicates 
that data is valid on the data outputs. 
See Digital Interface section. 

12 GND Ground. 

1 3 -Vref Negative reference voltage for 

A/D converter. 

1 4 +Vref Positive reference voltage for 

A/D converter. 



15 WR/RDY 

16 CS 

17 DB4 

18 DB5 

19 DB6 

20 DB7 

21 A1 

22 A0 

23 SH/TH 



24 V cc 



Write input or ready output. In WR-RD 
mode, this pin is WR input. In RD 
mode, this pin is RDY open drain 
output. See Digital Interface section. 

Chip select input. This pin must be 
held low for the device to perform a 
conversion. 

Data output — bit 4. 

Data output — bit 5. 

Data output — bit 6. 

Data output — bit 7 (MSB). 

Digital address input 1 that selects 
analog input channel. See multiplexer 
addressing section. 

Digital address input that selects 
analog input channel. See multiplexer 
addressing section. 

S/H, T/H mode select. When SH/TH = 
Vcc/ tne device is_in sample and hold 
mode. When SH/TH = GND, the 
device is in track and hold mode. Pin 
has internal pulldown current source 
to GND. 

Positive supply. +5 volts ± 5%. 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltage, V C c 6.5V 

Voltage 

Logic Inputs -0.3V to V cc + 0.3V 

Analog Inputs -0.3V to V cc + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +1 50°C 

Package Dissipation 
at T A = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

SOIC 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

Supply Voltage, Vcc 4.5V DC to 6.0Vqc 

Temperature Range (Note 3) Tmin ^ "Ja ^ T^ax 

ML2264BMJ, ML2264CMJ -55°C to +125°C 

ML2264BIJ, ML2264CIJ 40°C to +85°C 

ML2264BCS, ML2264CCS 

ML2264BCP, ML2264CCP 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 



Unless otherwise specified, Ta = 


Tmin to T MA x, V C c = +Vref = 5V ± 5%, 


and-V REF = GND 










NOTES 


CONDITIONS 


ML2264XCX 


ML2264XIX, ML2264XMX 




PARAMETER 


MIN 


TYP 
(NOTE 4) 


MAX 


MIN 


TYP 
(NOTE 4) 


MAX 


UNITS 



Converter 



Total Unadjusted Error 
ML2264BXX 
ML2264CXX 


5, 7 


Vref = V CC 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Integral Linearity Error 
ML2264BXX 
ML2264CXX 


5,7 


Vref = Vcc 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Differential Linearity Error 
ML2264BXX 
ML2264CXX 


5 


Vref = Vcc 






±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Full Scale Error 
ML2264BXX 
ML2264CXX 


5 








±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Zero Scale Error 
ML2264BXX 
ML2264CXX 


5 








±1/2 
±1 






±1/2 
±1 


LSB 
LSB 


Channel to Channel 
Mismatch 


5 








±1/4 






±1/4 


LSB 


Wref Voltage Range 


6 




-Vref 




Vcc+0.1 


-Vref 




Vcc+0.1 


V 


-Vref Voltage Range 


6 




GND-0.1 




+Vref 


GND-0.1 




+Vref 


V 


Reference Input Resistance 


5 




1 


2.5 


4 


1 


2.5 


4 


kQ 


Analog Input Range 


5,8 




GND-0.1 




Vcc+0.1 


GND-0.1 




Vcc+0.1 


V 


Power Supply Sensitivity 


5 


DC 

V cc =5V ± 5%, Vref = 4.50V 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




1 0OmVp-p 

1 00kHz sine on V C o V| N = 




±1/16 






±1/16 




LSB 


Analog Input Leakage 
Current, OFF Channel 


5 


ON Channel = V C c 
OFF Channel = 0V 


-1 






-1 






LlA 




ON Channel = 0V 
OFF Channel = V C c 






1 






1 


LlA 


Analog Input Leakage 
Current, ON Channel 


5 


ON Channel = 0V 
OFF Channel = V C c 


-1 






-1 






HA 




ON Channel = V cc 
OFF Channel = 0V 






1 






1 


^A 


Analog Input Capacitance 




During Acquisition Period 




45 






45 




pF 



Digital and DC 



V| N(1 ), Logical "1" Input 


5 


WR, RD, CS, A0, A1 


2.0 






2.0 






V 


Voltage 


MODE, SH/fH 


Vcc-0.5 






Vcc-0.5 






V 


V|N(0)/ Logical "0" Input 


5 


WR, RD, CS, A0, A1 






0.8 






0.8 


V 


Voltage 


MODE, SH/fH 






0.5 






0.5 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta. = Tmin to T^ax, Vcc = + ^ REF : 
C L =100pF. 



5V ± 5%, and -Vref = GND, and timing measured at 1 .4V, 



PARAMETER 



NOTES 



CONDITIONS 



ML2264XCX 



MIN 



TYP 
(NOTE 4) 



MAX 



ML2264XIX, ML2264XMX 



MIN 



TYP 
(NOTE 4) 



MAX 



UNITS 



Digital and DC (Continued) 



l| N(1) , Logical "1" 
Input Current 


5 


V|H = Vcc 


WR, RD, CS, 
AO, A1 






1 






1 


MA 




MODE, SH/TH 


15 


50 


150 


15 


50 


150 


MA 


l| N(0 ), Logical "0" 


5 


V, L = GND 


WR,RD,CS 


-1 






-1 






uA 


Input Current 


MODE, SH/TH 


-20 






-20 






MA 


v OUT(1)/ Logical "1" 
Output Voltage 


5 


Iqut = -2 mA 


4.0 






4.0 






V 


Vout(O)/ Logical "0" 
Output Voltage 


5 


Iout = 2mA 






0.4 






0.4 


V 


louT/ Three-State Output 


5 


V OU T = 0V 


-1 






-1 






ma 


Current 


VoUT = Vcc 






1 






1 


ma 


CouT/ Logic Output 
Capacitance 








5 






5 




pF 


Cum, Logic Input 
Capacitance 








5 






5 




pF 


Ico Supply Current 


5 


CS = WR=RD = // r / 
No Output Load 






18 






20 


mA 



AC and Dynamic Performance (Note 9) 



tcRD/ Conversion Time, 
Read Mode 


5 


RD to INT, MODE = 0V 






1020 






1100 


ns 


tcwR-RD/ Conversion Time, 
Write-Read Mode 


5,9 


WR Falling 
Edge to INT, 

tRD < t|NT, 

MODE = V C c 


SH/TH = V CC 






700 






775 


ns 




SH/TH = GND 






830 






930 


ns 


SNR, Signal to Noise Ratio 




V, N = 5V, 250kHz 

Noise is sum of all 

nonfundamental 

components 

from 0-500kHz. 

SH/TH = V CO MODE = V cc 

^SAMPLING = 1 -0 MHz 




48 






48 




dB 


HD, Harmonic Distortion 




V| N = 5V, 250kHz 

THDissumof2-5th 

harmonics relative to 

fundamental. 

SH/TH = V CC , MODE = V CC 

^SAMPLING = 1 -0 MHz 




-63 






-63 




dB 


IMD, Intermodulation 
Distortion 




fa = 2.5V, 250kHz 
fb = 2.5V, 248kHz 
1MB is (fa + fb), (fa - fb), 
(2fa + fb), (2fa-fb), 
(fa + 2fb), or (fa - 2fb) 
relative to fundamental. 
SH/TH = V co MODE = V CC 
^SAMPLING = 1 -0 MHz 




-60 






-60 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T A = Tmin to TmaX/ v cc = +Vref = 5V ± 5%, and -Vref = GND, and timing measured at 1 .4V, 
C L = 1 0OpF. 



PARAMETER 



NOTES 



CONDITIONS 



ML2264XCX 



MIN 



TYP 
(NOTE 4) 



MAX 



ML2264XIX, ML2264XMX 



MIN 



TYP 
(NOTE 4) 



MAX 



UNITS 



AC and Dynamic Performance (Note 9) (Continued) 



FR, Frequency Response 




V| N = 5V, 0-250kHz 
Relative to 1 kHz 
SHAH = V CC , MODE = V CC 
fsAMPLlNG = 1 -0 MHz 




±0.1 






±0.1 




dB 


SR, Slew Rate Tracking 


6 


SH/TH =V CC 






4.0 






4.0 


V/lls 




SH/fR = GND 






0.25 






0.25 


V/lls 


tAs, Multiplexer Address 
Setup Time 


5 


SH/fR = GND, Figure 1 
(Track & Hold Operation) 
















ns 


tAH/ Multiplexer Address 
Hold Time 


5 


SH/fR = GND / Figure 1 
(Track & Hold Operation) 


60 






70 






ns 


tAs, Multiplexer Address 
Setup Time 


5 


SH/TH = V CO Figure 2 
(Sample & Hold Operation) 


225 






245 






ns 


tAH/ Multiplexer Address 
Hold Time 


5 


SH/TH = V cc , Figure 2 
(Sample & Hold Operation) 


60 






70 






ns 



AC Performance Read Mode (Pin 5 


= 0V), Figure 4 
















tRDY, CS to RDY Delay 


5 









60 







65 


ns 


tRDD/ RD LOW tO 

RDY Delay 


5, 10 


Figure 3 






1020 






1100 


ns 


t C ss, CS to RD, WR 
Setup Time 


5 


















ns 


tcsH, CS to RD, WR 
Hold Time 


5 


















ns 


tcRD/ Conversion Time — 
RD Low to INT low 


5,10 








1020 






1100 


ns 


Ucco/ Data Access Time 
RDto Data Valid 


5 




tCRD-10 




tcRD+20 


tcRD-10 




tcRD+20 


ns 


tRDPW, RD Pulse Width 


5 




tcRD+30 






tcRD+30 






ns 


tiNTH/ RD to INT Delay 


5, 10 









65 







75 


ns 


ton/ Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 3 







50 







60 


ns 


tp, Delay Time Between 
Conversions — INT Low 


5,10 


Sample & Hold Mode, 
SH/TH = V cc 


300 






325 






ns 


to RD Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 



AC Performance Write-Read Mode (Pin 5 = 5V), Figures 5 and 6 



t C ss, CS to RD, WR 
Setup Time 


5 


















ns 


tcsH/ CS to RD, WR 
Hold Time 


5 


















ns 


t WR , WR Pulse Width 


5 


SH/TH = V CC 


190 




50K 


205 




50K 


ns 




6 


SH/TH = GND 


320 




50K 


360 




50K 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T A = Tmin to TmaX/ Vcc = + V REF = 5V ± 5%, and -Vref = GND, and timing measured at 1 .4V, 
C L = 100pF. 



PARAMETER 



NOTES 



CONDITIONS 



ML2264XCX 



MIN 



TYP 
(NOTE 4) 



MAX 



ML2264XIX, ML2264XMX 



MIN 



TYP 
(NOTE 4) 



MAX 



UNITS 



AC Performance Write-Read Mode (Pin 5 = 5V) Figures 5 and 6 (Continued) 



t RD/ Read Time — WR 
High to RD Low Delay 


5 


tRD < t|NTL 


275 






300 






ns 


t R |, RD to TNT Delay 


5,10 


tRD < t|NTL 







235 







270 


ns 


tAcci/ Data Access Time 
— RD Low to Data Valid 


5 


tRD < t|NTL 







240 







300 


ns 


tcwR-RD/ Conversion Time 
— WR Falling Edge to 
INT Low 


5,9,10 


tRD < t|NTL/ SH/TH = V C c 






700 






775 


ns 


6,9,10 


tRD<t|NTL, SH/fH = GND 






830 






930 


ns 


tiNTL/ Internal Comparison 
Time — WR Rising Edge 
to INT Low 


5, 10 


tRD > t|NTL 






620 






670 


ns 


Ucc2/ D ata Access Time 
— RD to Data Valid 


5 


tRD > t|NTL 







50 







60 


ns 


ton/ Data Hold Time — 
RD Rising Edge to Data 
High Impedance State 


6, 10 


Figure 3 







50 







60 


ns 


tiMTH/ RDT to JnTT Delay 


5,10 









65 







75 


ns 


tp, Delay Time Between 
Conversions — INT Low 


5, 10 


Sample & Hold Mode, 
SH/TH = V CC 


300 






325 






ns 


to WR Low 


Track & Hold Mode, 
SH/TH = GND 


240 






260 






ns 


tiHWR/ WRT to IFTTT Delay 


5, 10 


Standalone Mode 







90 







100 


ns 


t| D , INTi to Data 
Valid Delay 


5,10 


Standalone Mode 







20 







30 


ns 



Note 2: 
Note 3: 



Note 4: 
Note 5: 
Note 6: 
Note 7: 



Note 9: 
Note 10: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired All voltages unless otherwise specified are measured with 

respect to ground. 

When the voltage at any pin exceeds the power supply rails (V| N < GND or V| N > Vcc) the absolute value of current at that pin should be limited to 25mA or less. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-cast test conditions. 0°C to +70°C and -40°C to +85°C 

operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case test 

conditions. 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Tot al u nadjusted error includes offset, full scale, linearity, sample and hold, and multiplexer errors. Total unadjusted error is tested at the minimum specified times 

for WR, RD, t R1 , and t P . For example, for the ML2264XCX in the sample and hold mode, WR/RD mode t WR = 190ns, t RD = 275ns with a frequency of 1 .000MHz 

(cycle time of 1000ns). 

For -Vref ^ v in the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct for analog input voltages one 

diode drop below ground or one diode drop greater than the Vcc supply Be careful, during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can 

cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale The spec allows 1 0OmV forward bias of 

either diode. This means that as long as the analog Vim or Vref does not exceed the supply voltage by more than 1 0OmV, the output code will be correct. To achieve 

an absolute OVqc to 5Vqc input voltage range will therefore require a minimum supply voltage of 4.900Vdc over temperature variations, initial tolerance and 

loading 

Conversion time, write-read mode = twR + t R o + tR|. 

Defined from the time an output crosses 0.8V or 2 4V 
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*« 777X^X7. 



■\. 



/ 



tAS" 



"•"77£%£Y 



UDQ. 



-tAH 



1_7 

b) WR-RD Mode (Pin 5 = V cc ) 



a) RD Mode (Pin 5 = GND) 

Figure 1. Analog Multiplexer Address Timing for Track & Hold Mode (Pin 23 = GND) 



Y. 



tAS- 



"^ZXEK 



Figure 2. Analog Multiplexer Address Timing for Sample & Hold Mode (Pin 23 = V cc ) 



OUTPUT ^ T 
lOpFIp 


i 


—0 


OUTPUT 
ENABLE 

OUTPUT 


v C c 

GND 

VOH 


50%\ 
10% 


90% 


tlH \<~ 


" 


■\VoH-100mV 



Vcc 



lOpF 



X 



Vcc 

OUTPUT CC 50 o /o 
ENABLE GND 




10% 



Vcc 



t0H 



Vol- 



Vol + loomv 



Figure 3. High Impedance Test Circuits and Waveforms 
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\_ 



N 



y 






3 



- WITH EXTERNAL PULL-UP 
MlNTH 



X 



< 



/ 



VALID 
DATA 



■^r 



>- 



*ln SAMPLE & HOLD mode a pull up resistor on RDY should not be used unless 
CSi is > 20ns before RDl. 



Figure 4. RD Mode Timing 



:\ l\ 



WR 

tcss 



tWR 



tRD - 



^ c. 

< tp >. 



X-Jf 



V 



tACC2->- 



< 



VALID 
DATA 



1. 



>■ 



Figure 5. WR-RD Mode Timing (tR D > t| N TL> 



i 



WR 

tcss->- 

RD "~ 






r 



HCSH 



\ 



I 



V 



/ 



-tlNTH 



< VALID \ 
DATA / 



--►I tDH - 

Figure 6. WR-RD Mode Timing (tRD < tiNu) 



v5- 



J 



s. 



\y 



tp 



\ / VALID \ 

/ ^ DATA / 



Figure 7. WR-RD Mode Stand-Alone Timing CS = RD = 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2264 uses a two stage flash technique for A/D 
conversion. This technique first performs a 4 bit flash 
conversion on Vin to determine the 4 MSB's. These 4 
MSB's are then cycled through an internal DAC to 
recreate the analog input. This reconstructed analog input 
signal from the DAC is then subtracted from the input, and 
the difference voltage is converted by a second 4 bit flash 
conversion, providing the 4 LSB's of the output data word. 

1.1 MULTIPLEXER ADDRESSING 

The ML2264 contains a 4-channel single ended analog 
multiplexer. A particular input channel is selected by 
using the address inputs AO and A1 . The relationship 
between the address inputs, AO and A1 , and the analog 
input selected is shown in Table 1 . 



Selected 


Address Input 


Analog Channel 


AO 


A1 


A IN 1 








A IN 2 


1 





A IN 3 





1 


A IN 4 


1 


1 



Table 1 . Multiplexer Address Decoding 

The address inputs are latched int o the ML2264 on the 
falling edge of the RD, WR, or CS depending on the state 
of pins SH/TH and mode as shown in Table 2. 



Address Latching 
Signal 


Mode 


Operation Mode 


RDl 


GND 


GND 


WRi 


Vcc 


GND 


csl 


GND 


Vcc 


csl 


Vcc 


Vcc 



Table 2. 

In the Sample & Hold mode of operation CS is used as the 
address latch enable, allowing for continuous conversions 
without addressing a given analog input for each 
conversion. 

The Track & Hold mode of operation requires an analog 
input to be addressed and latched for each conversion 
that the ML2264 performs. 

1.2 ANALOG INPUTS 

The analog input on the ML2264 behaves differently than 
inputs on conventional converters. The analog input 
current requirements change while the conversion is in 
progress, and the amount of input current depends on 
what cycle the converter is in. 



The equivalent input circuit for the converter is shown in 
Figu re 8. When the conversion starts in the T/H mode 
(WRl in the WR-RD mode or RDl in the RD mode) S1 , 
S4 and S6 close and S3 opens. This period is known as the 
acquisition period where the MSB flash converter tracks 
the input signal and the LSB flash converter samples it. 
During this period, V|n is connected to the 1 6 MSB and 
1 5 LSB comparators. Thus 38pF of input capacitance must 
be charged up through the combined Ron resistance of 
the internal analog switches plus any external source 
resistance, R$. In addition, there is a stray capacitance of 
approximately 11 pF that needs to be charged through the 
external source resistance R$. This period ends in the WR- 
RD mode when WRt or by an internal timer in the RD 
mode. At this point S1 and S4 open and the analog input 
at Vjisi is no longer being sampled; thus during this time 
the analog voltage on Vin does not affect converter 
performance. 

As shown above, the critical period for charging up the 
analog input occurs when the MSB and LSB comparators 
are sampling the input, known as the acquisition period. 
The source of the external signal on Vin must adequately 
charge up the analog voltage during the acquisition 
period. To do this, the input must settle within the 
required analog accuracy tolerance at least 50ns before 
the end of the acquisition period so that the MSB 
comparators have adequate time to make the correct 
decision. If more time is needed due to finite charging or 
settling time of the external source, the WR low period 
can be extended in WR-RD mode. In RD mode, since the 
acquisition time is fixed by internal delays, the burden is 
on the external source to charge up and settle the input 
adequately. 

When the ML2264 operates in the S/H mode (pin 23 = 
V C c) DOtn tn e MSB and the LSB flash converter perform a 
true sample and hold operation during the acquisition or 
sampling period. This period starts after the falling edge of 
INT and ends with the falling edge of WR in the WR-RD 
mode or the falling edge of RD in the RD mode. The 
duration of this period is user controlled and must satisfy a 
minimum of tp. 

During this period S1 , S3, S4 and S6 close, therefore 
46pF of input capacitance must be charged up in addition 
to the 1 1 pF of stray capacitance. 

1.3 TRACK AND HOLD vs. SAMPLE AND HOLD 

The MSB Flash Converter of the ML2264 in T/H mode has 
a track and hold mechanism for sampling the input. The 
input is attached to the MSB comparators directly in the 
MSB compare cycle, or acquisition period. When the MSB 
compare cycle ends, the state of the MSB comparators is 
latched. The LSB Flash Converter always performs a S/H 
operation. Thus, the analog input signal can be changing 
during the MSB compare cycle, or acquisition period, and 
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the MSB comparators will be tracking it as long as the 
slew rate of the analog input is slow enough so that the 
MSB comparators can respond. The ML2264 can track 
and hold signals with slew rates as high as 0.25V/lis 
(16kHz @ 5 volts) without sacrificing conversion 
accuracy. 

The ML2264 in S/H mode does not have the slew rate 
limitation of the T/H mode since an internal sample and 
hold acquires the analog signal, holds it internally, and 
then performs a conversion. Since this is a true sample 
and hold function, the S/H mode can theoretically digitize 
signals of frequencies much higher than the T/H mode. 
The ML2264 in S/H mode can digitize signals of 
frequencies as high as 250kHz @ 5V (slew rates as high as 
4V/lis) without sacrificing conversion accuracy. In most 
applications, the S/H mode is more desirable than T/H 
mode because of the better dynamic performance. 

1 .3.1 Converter — T/H Mode 

The operating sequence for the WR-RD mode is illustrated 
in Figure 9a. I nitia lly, the internal comparators are auto- 
zeroed while WR i s high. A co nversion is initiated by the 
falling edge of WR. While WR is low, the MSB 
comparators are tracking the analog input and comparing 
this voltage against voltages from the internal resistor 
ladder. At the same time, the input is being acquire d or 
sampled by LSB comparators. On the rising edge of WR, 
the MSB comparator results are latched, and the LSB 
acquisition time is ended by closing the sampling switch 
to the LSB comparators. While WR is high, the LSB 
comparators then compare the residual input voltage 
against internal voltages from the resistor ladder to 
determine the 4 LSB's. When the LSB comparison or 
conversion is complete, INT goes low and latches the 
conversion result into the output lat ches . Then, the 
comparators are auto-zeroed while WR is high before 
another conversion can start. 

The operating sequence for RD mode, is similar to that 
described above for the WR-RD mode, except the 
conversion is initiated by the falling edge of RD, and the 
MSB and LSB conversions are gene rated by internal clock 
edges that are generated while RD is low. 
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Figure 8. Converter Equivalent Input Circuit 

1 .3.2 Converter — S/H Mode 

The operating sequence for S/H mode is illustrated in 
Figure 9b. Notice that it is similar to T/H mode described 
above except this mode has a tru e sample and hold 
function. The falling edge of INT closes the sampling 
switch and starts the acquisition period where the analog 
input is sampled at the same tim e all comparators are 
auto-zeroed. The falling edge of WR opens the internal 
sampling switch, ends the acquisition period, and starts 
the conversion on the internally sample and held signa l. 
The MSB comparators ma ke th eir decisions while WR is 
low. On the rising edge of WR, the MSB comparator 
results are latched. The LSB comparators make their 
decision when WR is hi gh. W hen the LSB comparison or 
conversion is complete, INT goes low and latches the 
conversion result into the output buffers. Then, the 
acquisition period begins again and the converter is ready 
for the next conversion. 

The operating sequence for the RD mode is the same as 
the WR-RD mode, except the conversion is initiated by 
the fa! ling edge of RD, and the MSB and LSB conversions 
are generated by internal clock edges that are generated 
while RD is low. 
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(a) T/H Mode 
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COMPARATOR COMPARATOR 

RESULTS ARE RESULTS AND 

LATCHED. BRINGS INT LOW. 



Figure 9. Operating Sequence (WR-RD Mode) 



1.4 REFERENCE 

The +Vref and -Vref inputs are the reference voltages that 
determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vref defines 
the analog input which produces a full scale output and 
-Vref defines the analog input which produces an output 
code of all zeroes. The transfer function for the A/D 
converter is shown in Figure 10. 

+Vref ar, d -Vref can De set to anv voltage between GND 
and Vco This means that the reference voltages can be 
offset from GND and the difference between +Vref+ and 
-Vref- can De made small to increase the resolution of the 
conversion. Note that the total unadjusted error increases 
when [+Vref - (-Vref)I decreases. 

1.5 POWER SUPPLY AND REFERENCE DECOUPLING 

A 0.1 |iF ceramic disc capacitor is recommended to bypass 
Vcc to GND, using as short a lead length as possible. 

If REF+ and REF- inputs are driven by long lines, they 
should be bypassed by 0.1 jiF ceramic disc capacitors at 
the reference input pins. 



FULL SCALE 
TRANSITION 
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Figure 1 0. A/D Transfer Characteristic 
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1.6 DYNAMIC PERFORMANCE 

1.6.1 Sinusoidal Inputs 

Since the ML2264 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little or 
no signal degradations. Using the Nyquist criteria, the 
highest frequency input to the converter could 
theoretically be 1/2 the sampling rate (f$). Any frequency 
components above f$/2 will be aliased below fs/2. In most 
applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then the 
requirements on the anti-alias filter become difficult to 
impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of f/vtAX ' n 
order to relax the filtering requirements enough to make a 
realizable anti-alias filter. 

The maximum sampling rate (f max ) for the ML2264 in the 
WR-RD mode, (tRD < tiNTL) can De calculated as follows: 



twR+tRD + tRi+tp 



1 



mdX 1 90ns + 275ns + 235ns + 300ns 

fmax = 1.000 MHz 

t WR = Write Pulse Width 

*RD = Delay Time between WR and RD Pulses 

t R | = RD to INT Delay 

tp = Delay Time between Conversions 

This permits a maximum sampling rate of 1 MHz for the 
ML2264. The dynamic performance specifications (SNR, 
HD, IMD, and FR) for the ML2264 are all specified at 
250kHz, which is approximately 1/4 of the sampling rate, f$. 



In applications where aliased frequency components are 
acceptable and filtering of the input signal is not needed, 
or where a filter with a steep amplitude response is 
available, the user can apply an input sinusoid higher than 
250kHz to the device. Note, however, that as the input 
frequency increases above 500kHz, dynamic performance 
degradation will occur due to the finite bandwidth of the 
internal sample and hold. 

The Figure 11 plots are 4096 point FFT's of the ML2264 
converting a 257kHz and a 491 kHz, to 4.5V, low 
distortion sine wave input. The ML2264 samples and 
digitizes at its specified accuracy, dynamic input signals 
with frequency components up to the Nyquist frequency 
(one-half the sampling rate). The output spectra yields 
precise measure-ments of the input signal level, harmonic 
components, and signal to noise ratio up to the 8-bit level. 
The near ideal signal to noise ratio is maintained 
independent of increasing analog input frequencies to 
500kHz. 

1 .6.2 Signal-To-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more the levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2264 is defined as 
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Figure 1 1 . Dynamic Performance, Sample and Hold Mode 
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20 lOg: 



(v 2 2 +v 3 2 +v 4 2 + v 5 2 )V 2 



where Vi is the rms amplitude of the fundamental and 
V2, V 3 , V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 

1 .6.2 Signal-To-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more the levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 8-bit 
converter, SNR = 49.92 dB. 

1.6.3 HARMONIC DISTORTION 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2264 is defined as 



20 log: 



(v 2 2 +v 2 + v 2 +Vc 2 )V2 



where V1 is the rms amplitude of the fundamental and 
V2, V 3 , V 4 , V 5 are the rms amplitudes of the individual 
harmonics. 

1 .6.4 Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, 
f A and f B , any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and 
difference frequencies of mf A + nf B , where m, n = 0, 1, 2, 
3 ... Intermodulation terms are those for which m or n is 
not equal to zero. The (IMD) intermodulation distortion 
specification includes the second order terms (f A + f B ) and 
f A - f B ) and the third order terms (2f A + f B ), (2f A - f B ), 
(f A + 2f B ), and (f A - 2f B ) only. 

1.7 DIGITAL INTERFACE 

The ML2264 has two basic interface modes, RD and WR- 
RD, which are selected by the MODE input pin. 

1.7.1 RDMode 

In the RD mode, WR/RDY pin is configured as the RDY 
output. The read mode performs a conversion with a 
single RD pulse. This allows the uP to start a conversion, 
wait, and then read data with a single read instruction. 

The timing for the RD mode is shown in Figure 4. To do a 
conversion, CS must be low to select the device. After CS 
goes low, the RDY output goes low indicating that the 
device is ready to do a conversion. The conversion starts 



on the falling edge of RD. While RD is low, the MSB and 
LSB decisions are made with internally generated clock 
edges. When the conversion is complete, RDY goes high 
and I NT g oes low signaling the end of the conversion. 
After INT goes low, the data outputs go from high 
impedance to active state with valid output data. Data 
stays valid until either RD or CS goes high. When either 
signal goes high, the output data lines return to the high 
impedance state and INT returns high. 

1.7.2 WR-RD Mode 

In th e WR-RD mode, the WR/RDY pin is configured as the 
WR input. In this mode, WR initiates the conversion and 
RD controls reading the output data. This can be done in 
several ways, described below. 



- Using Internal Delay 



1.7.3 WR-RD Mode - 

(tRD > *INTl) 

The timing is shown in Figure 5. To do a con version, CS 
must be low to select the devi ce. T hen, WR falling edge 
triggers the conversion. Whi le W R is low, the MSB 
comparison is made. When WR returns hig h the LSB 
decision is made. After some internal delay, INT goes low 
indicating end of conversion. V alid data will appear on 
DB0-7 when RD is pulled low. INT is then reset by the 
rising edge of either CS or RD. 

1.7.4 WR-RD Mode — Reading Before Delay 

(*RD < t|NTL) 

The internally generated delay for the LSB decision when 
tRD > tiNTL is longer than necessary due to circuit design 
tolerances of tiNTi delay. If desired, a faster conversion 
will result without loss of accuracy by bringing RD low 
within the minimum time specified for tRD- The timing 
diagram for this mode is shown in Figure 6. WR is the 
same as when t.rd > tiNTL- ^ ut ' n tn ' s case ' RD is brought 
low tRD ns after WR rising edge and before INT. INT goes 
low indicating an end of conversion after the falling edge 
of RD and is reset on the risin g edge of RD or CS. When 
RD is brought low before INT goes low the data bus 
always remains in the high-impedance state until INTl. 

1.7.5 WR-RD Mode — Stand Alone Operation 

Standajone operation can be impl eme nted by tying CS 
and RD low as shown in Fig ure 7 . WR initiates a 
conversion as before. When WR is low, the MSB 
comparison is made. When, WR goes high, the LSB 
comparison is made. Since RD is already low, the output 
data will appear a utom atically at end of conver sion . Since 
RD is always low, INT is reset on rising edge of WR and 
goes low at end of conversion. 

1.7.6 Power-On Reset 

When power is first applied, an internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2264 from starting in 
an u nkno wn state. During this period of approximately 
3|is, INT remains high and the data bus is in the high- 
impedance state. 
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2.0 TYPICAL APPLICATIONS 
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Figure 12. Protecting the Input 
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Figure 15. 68000 Type Interface to ML2264 
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2.0 TYPICAL APPLICATIONS (Continued) 
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Figure 18. TMS320 Interface with D/A Output 
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Figure 19. Operating with a Radiometric Analog Signal of 15% of Vcc to 85% of Vcc 
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ORDERING INFORMATION 





TOTAL 


TEMPERATURE 




PART NUMBER 


UNADJUSTED ERROR 


RANGE 


PACKAGE 


ML2264BMJ 


±1/2 LSB 


-55°Cto+125°C 


Hermetic DIP (J24) 


ML2264BIJ 




-40°C to +85°C 


Hermetic DIP (J24) 


ML2264BCP 




0°C to +70°C 


Molded DIP (P24) 


ML2264BCS 




0°C to +70°C 


Molded SOIC (S24) 


ML2264CMJ 


±1 LSB 


-55°Cto+125°C 


Hermetic DIP (J24) 


ML2264CIJ 




-40°C to 85°C 


Hermetic DIP (J24) 


ML2264CCP 




0°C to +70°C 


Molded DIP (P24) 


ML2264CCS 




0°C to +70°C 


Molded SOIC (S24) 
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jliP Compatible High-Speed 10-Bit 
A/D Converter with S/H 



GENERAL DESCRIPTION 

The ML2271 is a high speed, |iP compatible 10-bit A/D 
converter. A three step flash technique is used to achieve a 
conversion time of 1 .65us. The ML2271 operates from a 
single 5V supply and has an analog input range from 
GNDtoV cc . 

The ML2271 has a true internal sample and hold and can 
digitize sinusoid signals as high as 150kHz without 
conversion errors. 

The ML2271 digital interface has been designed so that 
the device appears as a memory location or I/O port to a 
uP, eliminating the need for external interfacing logic. The 
data outputs are latched and have three state control, 
allowing direct connection to a uP bus or I/O port. The 
addition of an internal timing generator also allows the 
device to easily operate in stand alone applications. 

The ML2271 is pin and function compatible with the 
ADC1061. 



FEATURES 

■ Conversion time over temperature 
and supply voltage tolerance 

■ Linearity error 

■ Full scale error 

■ Zero error 

■ Capable of digitizing a 5V, 1 50kHz sine wave 

■ No missing codes 

■ 0V to 5V analog input range with single 5V 
power supply 

■ Analog input protection — 25mA min 

■ Operates ratiometrically or 
with up to 5 V voltage reference 

■ No external clock required 

■ Easy interface to [iP, or operates stand-alone 

■ Latched, 3-state data outputs 

■ Power-on reset circuitry 

■ Low power — 1 75 mW max 

■ Standard 20-pin DIP or surface mount SOIC 

■ 0°C to 70°C, -40°C to +85°C operating 
temperature range 



1.8ps 
±1LSB 
±1LSB 
±1LSB 
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PIN CONFIGURATION 

20-Pin DIP 



DV CC [ 




20 


]DB0 


intQ 


2 


19 


]DB1 


WR [_ 


3 


18 


JDB2 


RD Z 


4 


17 


]DB3 


csfl 


5 


16 


]DB4 


AVccC 


6 


15 


] DBS 


-Vref C 


7 


14 


]DB6 


VinC 


8 


13 


]DB7 


+VREF C 


9 


12 


] DB8 


GND Q 


10 


11 


] DB9 




TOP VIEW 





20-Pin SOIC 



DVcc Cd 1 

INT CIE 2 
WR 01 3 
RD EH 4 
CS UL 5 
A V C c 01 6 

-Vref CLE 7 

Vin DDC 8 

+v REF or 9 

GND UL 10 



20 ID DBO 
19 ID DB1 
18 ID DB2 
17 ID DB3 
16 ID DB4 
15 ID DB5 
14 ID DB6 
13 ID DB7 
12 ID DB8 
11 ID DB9 



TOP VIEW 



PIN DESCRIPTION 



PIIM# NAME 



FUNCTION 



1 D V cc Digital supply. +5V ±5%. 

Connect to A Vcc- 

2 INT Interrupt output. This output signals 

the end of a conversion and indicates 
that data is valid on the data outputs. 
See Digital Interface section. 

3 WR Write input. Input which initiates a 

conversion. See Digital Interface 
section. 

4 RD Read input. This input latches data 

into the output latches. See Digital 
Interface section. 

5 CS Chip select inpu t. Th is inpu^must be 

held low during WR and RD for the 
device to perform a conversion. 

6 A Vcc Analog supply. +5V ±5%. Connect to 

DV CC . 



PIN# NAME 



FUNCTION 



7 -Vref Negative reference input voltage for 

A/D converter. 

8 Vin Analog input. 

9 +Vref Positive reference input voltage for 

A/D converter. 

10 GND Ground. 

1 1 DB9 Data output — bit 9 (MSB) 

12 DB8 Data output — bit 8 

13 DB7 Data output — bit 7 

1 4 DB6 Data output — bit 6 

1 5 DB5 Data output — bit 5 

1 6 DB4 Data output — bit 4 

1 7 DB3 Data output — bit 3 

18 DB2 Data output — bit 2 

19 DB1 Data output — bit 1 

20 DBO Data output — bit (LSB) 
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OPERATING CONDITIONS 

Temperature Range (Note 3) T M |n < T A < T MAX 

ML2271CCS 0°Cto+70°C 

ML2271CCP 0°Cto+70°C 

ML2271CIS : -40°C to +85°C 

ML2271CIP -40°Cto+85°C 



ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Supply Voltage, A V C o D V cc 6.5V 

Voltage 

Logic Inputs -0.3V to V C c + 0.3V 

Analog Inputs -0.3V to V C c + 0.3 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +1 50°C 

Package Dissipation 

at T A = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) 260°C 

Molded Small Outline IC Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T^in to TmaX/ D Vcc : 



A y cc = +V REF = 5V ±5%, and -V REF = GND 



PARAMETER 



CONDITIONS 



ML2271CCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2271CIX 



MIN 



TYP 
(Note 4) 



MAX 



Converter 



UNITS 



Integral Linearity Error 
ML2271CXX 


Vref = Vcc (Notes 5,7) 






±1 






±1.5 


LSB 


Differential Linearity Error 
ML2271CXX 


Vref = Vcc (Note 5) 






±1 






±1 


LSB 


Full Scale Error 
ML2271CXX 


(Note 5) 






±1 






±1 


LSB 


Zero Scale Error 
ML2271CXX 


(Note 5) 






±1 






±1 


LSB 


Total Unadjusted Error 
ML2271CXX 


(Note 5) 






±1.5 






±2.0 


LSB 


+Vref Voltage Range 


(Note 6) 


-Vref 




Vcc+0.1 


-Vref 




Vcc+0.1 


V 


-Vref Voltage Range 


(Note 6) 


GND-0.1 




+V REF 


GND-0.1 




+Vref 


V 


Reference Input Resistance 


(Note 5) 


0.9 


1.3 


1.7 


0.9 


1.3 


1.7 


kn 


Analog Input Range 


(Notes 5,8) 


-Vref 




+Vref 


-Vref 




+Vref 


V 


Power Supply Sensitivity 


DC V C c = 5V ± 5%, V REF = 4.75V 
(Note 5) 




±1/32 


±1/4 




±1/32 


±1/4 


LSB 




1 0OmVp.p, 1 00kHz sine on V C q 
V, N = (Note 5) 




±1/16 






±1/16 




LSB 


Analog Input Leakage Current 


Converter Idle (Notes 5,9) 


-2 




+2' 


-2 




+2 


uA 


Analog Input Capacitance 


During Acquisition Period 




25 






25 




PF 
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ELECTRICAL CHARACTERISTICS (continued) 



Unless otherwise specified, T^ = Tmin to TmaX/ D Vcc = 


= A V C c = +V REF = 5V ±5%, anc 


I -Vref = 


GND 








CONDITIONS 


ML2271CCX 


ML2271CIX 




PARAMETER 


MIN 


TYP 

(Note 4) 


MAX 


MIN 


TYP 

(Note 4) 


MAX 


UNITS 



Digital and DC 



V, N(1)/ Logical "1" 
Input Voltage 


(Note 5) 


2.0 






2.0 






V 


V|N(0)/ Logical "0" 
Input Voltage 


(Note 5) 






0.8 






0.8 


V 


liN0), Logical "1" 
Input Current 


Vin = V C c (Note 5) 






1 






1 


uA 


'lN(O)/ Logical "0" 
Input Current 


V, N = 0V (Note 5) 


-1 






-1 






uA 


VouT(i)/ Logical'T' 
Output Voltage 


'OUT = ~2mA (Note 5) 


4.0 






4.0 






V 


Vout(0)> Logical "0" 
Output Voltage 


'out = 2mA (Note 5) 






0.4 






0.4 


V 


louT/ Three-State 


Vout = 0V (Note 5) 


-1 






-1 






uA 


Output Current 


Vout = V C c (Note 5) 






1 






1 


uA 


Qdut> l °8 Ic 
Output Capacitance 






5 






5 




pF 


C|N/ Logic Input Capacitance 






5 






5 




pF 


'co Supply Current, 
Analog Plus Digital 


CS = WR = RD = 

No Output Load (Note 5) 






32 






35 


mA 



AC and Dynamic Performance (Note 9) 



tcoNV/ Conversion Time, 
Interrupt Mode 


Figure 2 twR = 250ns 
(Note 6) 






1.65 






1.8 


us 


tcwRD/ Conversion Time, 
Write-Read Mode 


Figure 3 
(Note 5) 






1.9 






2.0 


us 


tcRD/ Conversion Time, 
Write-Read Mode 


Figure 4 
(Note 6) 






1.9 






2.0 


us 


SNR, Signal to Noise Ratio 


V| N = 5 V, 150kHz Noise is sum 
of all nonfundamental 
components from 0-300kHz. 
fsAMPLlNG = 600kHz 




60 






60 




dB 


HD, Harmonic Distortion 


V, N = 5V, 150kHz 
THD is sum of 2— 5th harmonics 
or aliases relative to fundamental. 
fsAMPLlNG = 600kHz 




-60 






-60 




dB 


IMD, Intermodulation 
Distortion 


fa = 2.5 V, 150kHz 

fb = 2.5 V, 148kHz 

1MB is (fa + fb), (fa-fb), 

(2fa + fb), (2fa - fb), relative to 

fundamental. fsAMPLlNG = 600kHz 




-60 






-60 




dB 


FR, Frequency Response 


V, N = 5V, 0-1 50kHz 
Relative to 1 kHz 
fsAMPLlNG = 600kHz 




±0.1 






±0.1 




dB 


SR, Slew Rate Tracking 






2.36 






2.36 




V/LIS 
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ELECTRICAL CHARACTERISTICS (continued) 

Unless otherwise specified, Ta = T M |n to T MA x, D Vcc = A Vcc = +Vref = 5V ±5%, and -Vref = GND 



PARAMETER 



CONDITIONS 



ML2271CCX 



MIN 



TYP 

(Note 4) 



MAX 



ML2271CIX 



MIN 



TYP 
(Note 4) 



MAX 



UNITS 



AC Performance, Figures 2, 3, 4, and 5 



tcss/ CS to RD, WR 
Setup Time 


(Note 5) 
















ns 


tcsH, CS to RD, WR 
Hold Time 


(Note 5) 
















ns 


t WR ,WR Pulse Width 


(Note 5) 


250 




50K 


250 




50K 


ns 


tACC2/ WR to Data Valid 


(Note 5) 






2.05 






2.05 


us 


t RD , Read Pulse Width 


(Note 5) 


100 






100 






ns 


t W RL/ WRT to RD4 


(Note 6) 
















ns 


t|NTH/ RD^ to INTT 


(Note 5) 


10 




55 


10 




55 


ns 


t^jQci/ Data Access Time, 
RDito Data Valid 


(Note 5) 







55 







55 


ns 


tin/ Data Access Time, 
INTito Data Valid 


(Note 5) 







50 







50 


ns 


t 1H , toH/ RDt to Data High 
Impedance State 


Figure 1 
(Note 5) 


10 




50 


10 




60 


ns 


tp, Delay From End of 
Conversion to 
Next Conversion 


(Note 6) 






20 






20 


ns 


tjc, TNTJ- to Start of Next 
Conversion 


(Note 5) 


500 






500 






ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
respect to ground 

Note 2: When the voltage at any pin exceeds the power supply rails (V| N < or GND or V| N > V cc ) the absolute value of current at that pin should be limited to 25mA or less. 

Note 3: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 1 00% production tested. 

Note 6: Parameter guaranteed. Parameters not 1 00% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full scale, linearity, and sample and hold errors. 

Note 8: For -Vr E f > Vin the digital output code will be 0000 0000. Two on-chip diodes are tied to the analog input which will forward conduct for analog input voltages one 
diode drop below ground or one diode drop greater than the Vcc supply Be careful, during testing at low Vcc levels (4.5V), as high level analog inputs (5V) can 
cause this input diode to conduct — especially at elevated temperatures, and cause errors for analog inputs near full scale The spec allows 100mV forward bias of 
either diode. This means that as long as the analog Vin or Vref does not exceed the supply voltage by more than 100mV, the output code will be correct To achieve 
an absolute 0V DC to 5Vd C input voltage range will therefore require a minimum supply voltage of 4 900Vdc over temperature variations, initial tolerance and 
loading. 
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OUTPUT 
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10pf -E 



v <*— H* 



OUTPUT 



50% 
GND —10% 
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Figure 1. High Impedance Test Circuits and Waveforms 
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Figure 2. Interrupt Mode Timing 
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Figure 3. WR-RD Mode Timing 
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Figure 4. RD Mode Timing 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2271 uses a three step flash technique for A/D 
conversion. This technique first performs a 3 bit flash 
conversion on Vin to determine the 3 most significant bits 
(MSB decision). These 3 MSB's are then cycled through an 
internal DAC to recreate the analog input. This 
reconstructed analog input signal from the DAC is then 
subtracted from the input, and the difference voltage is 
converted by a second 3 bit flash conversion providing 
the next 3 significant bits, called intermediate significant 
bits (ISB decision). This procedure is then performed again 
to provide the final 4 least significant bits (LSB decision). 



The ML2271 has a true internal sample and hold. The 
internal operat ing s equence is shown in Figure 5. The 
falling edge of WR opens the S/H sampling switch, ends 
the acquisition time for the analog input, and starts the 
conversion on the internally sample and he ld si gnal. Then 
the MSB, ISB, and LSB decisions are made. INT goes low 
at end of conversio n an d RD controls the data outputs. 
This falling edge of INT also closes the sampling switch 
and starts the acquisition period for the next conversion. 



\ 



1 ACQUISITION 
PERIOD. ISB AND LSB 
COMPARATORS 
AUTOZEROED. 



Vin SAMPLING 
ENDS. MSB 
COMPARATOR 
RESULTS ARE 
LATCHED. 



MMM 



ISB 

COMPARATORS 

DECIDING. 

4 


ISB 

COMPARATORS 

DECIDING. 


ACQUISITION 
PERIOD. ISB AND LSB 
COMPARATORS 
AUTOZEROED. 


1 

ISB 

COMPARATOR 
RESULTS ARE 
LATCHED. 


1 

LSB 

COMPARATOR 
RESULTS ARE 
LATCHED. 



Figure 5. Operating Sequence 



1.1 ANALOG INPUT 

The analog input on the ML2271 behaves differently than 
inputs on conventional converters. The analog input 
current requirements change while the conversion is in 
progress, and the amount of input current depends on 
what cycle the converter is in. 

The input circuit for the converter is shown in Figure 6A 
with the equivalent input circuit show n in F igure 6B. The 
acquisition p erio d for the S/H starts on INT falling edge 
and ends on WR falling edge. 

The critical period for charging up the analog input occurs 
during the acquisition period and the source of the 
external signal on Vin must adequately charge up the 
analog voltage during this time. To do this, the input must 
settle within the required analog accuracy tolerance 
1 00ns before the end of the acquisition period so that the 
sampling capacitors have adequate time to store the input 
signal. If more time is needed due to fi nite c harging or 
settling time of the external source, the WR high period 
can be extended as long as is required. 



1.2 SAMPLE AND HOLD 

The ML2271 does not have the limitation of an equivalent 
circuit implemented with a track/hold. An internal sample 
and hold acquires the analog signal, holds it internally, 
and then a conversion is performed on the sample and 
held signal. Since this is a true sample and hold function, 
the ML2271 can sample and hold signals with frequencies 
as high as 1 50kHz @ 5V (slew rates as high as 2.36V/lis) 
without sacrificing conversion accuracy. 

1.3 REFERENCE 

The +V R ef and -Vref inputs are the reference voltages that 
determine the full scale and zero input voltages, 
respectively, for the A/D converter. Thus, +Vref defines 
the analog input which produces a full scale output and - 
Vref defines the analog input which produces an output 
code of all zeroes. The transfer function for the A/D 
converter is shown in Figure 7. 
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+Vref anc ' ~^ R EF can be set to any voltage between GND 
and Vco This means that the reference voltages can be 
offset from GND and the difference between +Vref an d 
-Vref can be made small to increase the resolution of the 
conversion. Note that the linearity error increases when 
[+Vref - (-Vref)] decreases. 



Rs 
Vin-WV 
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ir 



.6K 

Ron 



Z0.5pF 



14 ISB COMPARATORS 



16pF 



\$r— O^TO II- 

10 °" S7 7.5 P F 



A Ron 



200Q 
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If 

TO S/H BLOCK "=? J_ 

Figure 6A. Converter Input Circuit 



I25pF 



Figure 6B. Converter Equivalent Input Circuit 
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Aim, INPUT VOLTAGE (IN TERMS OF LSB'S) 

Figure 7. A/D Transfer Characteristic 



1.4 POWER SUPPLY AND REFERENCE DECOUPLING 

0.1 jllF in parallel with 0.01 jliF ceramic disc capacitors are 
recommended to bypass A Vcc to GND, as well as D V<x 
to GND, using the shortest lead lengths possible. 

If +Vref and -Vref inputs are driven by long lines, they 
should be bypassed by 0.1 jliF in parallel with 0.01 liF 
ceramic disc capacitors at the reference input pins. 

1.5 DYNAMIC PERFORMANCE 

1 .5.1 Sinusoidal Inputs 

Since the ML2271 has an internal sample and hold, the 
device can digitize high frequency sinusoids with little or 
no signal degradations. Using the Nyquist criteria, the 
highest frequency input to the converter could 
theoretically by 1/2 the sampling rate (fs). Any frequency 
components above f$/2 will be aliased below f$/2. In most 
applications, these aliased components cause 
unacceptable distortion and must be filtered out of the 
input. If the input frequency is too close to fs/2, then the 
requirements on the antialias filter become difficult or 
impossible to realize with standard component and 
tolerances. In most practical applications, the highest 
input frequency has to be limited to 1/3 to 1/4 of fs in 
order to relax the filtering requirements enough to make a 
realizable antialias filter. 

The maximum sampling rate (fMAx) f° r tne ML2271 can 
be calculated as follows: 



1 



tcoiMT + tp 



Wx = 



1 



1.45lis + 0.300lis 



f MA x = 570kHz 

t WR = Write Pulse Width 

twRD = Write to Data Delay 

tp = Delay Time Between Conversions 

Note that the dynamic performance specifications (SNR, 
HD, IMD and FR) for the ML2271 are all specified at 
150kHz, which is less than 1/3 of the sampling rate, f$. 
This allows adequate margin between the input frequency 
and the aliased components to allow antialias filtering if 
needed. 

In applications where aliased frequency components are 
acceptable and filtering of the input signal is not needed, 
the user can apply an input sinusoid higher than 1 50kHz 
to the device. Note, however, that as the input frequency 
increases above 1 50kHz, dynamic performance 
degradation will occur due to the finite bandwidth of the 
internal sample and hold. 

1.5.2 Signal-to-Noise Ratio 

Signal-to-noise ratio (SNR) is the measured signal to noise 
at the output of the converter. The signal is the rms 
magnitude of the fundamental. Noise is the rms sum of all 
the nonfundamental signals up to half the sampling 
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frequency. SNR is dependent on the number of 
quantization levels used in the digitization process; the 
more the levels, the smaller the quantization noise. The 
theoretical SNR for a sine wave is given by 

SNR = (6.02N + 1.76) dB 

where N is the number of bits. Thus for ideal 10-bit 
converter, SNR = 61 .96 dB. 

1.5.3 Harmonic Distortion 

Harmonic distortion is the ratio of the rms sum of 
harmonics to the fundamental. Total harmonic distortion 
(THD) of the ML2271 is defined as 

20 | og= (V| + V| + VJ + V 5 ^ 

where Vi is the rms amplitude of the fundamental and V2, 
V3, V4, V5 are the rms amplitudes of the individual 
harmonics. 

1.5.4 Entermodulation Distortion 

With inputs consisting of sine waves at two frequencies, fA 
and fe, any active device with nonlinearities will create 
distortion products, of order (m + n), at sum and 
difference frequencies of mf^ + nfs, where m, n = 0, 1, 2, 
3 . . . Intermodulation terms are those for which m or n is 
not equal to zero. The (IMD) intermodulation distortion 
specification includes the second order terms (fA + fe) and 
(f A - fe) and the third order terms (2f A + i^), (2f A - fa), and 
(f A - 2f B ) only. 

1.6 DIGITAL INTERFACE 

Depending on the way the external signals are applied to 
the ML2271 , the timing of the conversion and resultant 
digital interface can be configured in three different 
modes. 

While the operation for each mode is described below, 
there are some general rul es th at di ctate the general 
relationships between CS, WR, RD, INT, and DB0-DB9. 
The falling edge of WR ter mina tes the acquisition period 
and initiates a conversion. INT is fo rced low when a 
conversion is internally completed. INT is reset high by 
the RD rising edge. DB0-DB9 i s in t he high impedance 
state except when both RD and INT are low. RD low 
period does not affect the internal conversion but only 
determines when the digital sjgnals DB0-DB9 are active; 
thus, RD can occur anytime. CS is used to s elect the 
device and needs to be low only while WR is low or 
when RD is low. 

1.6.1 Interrupt Mode 

Timing for the Interrupt Mode is shown in Figure 2. To do 
a conversion, CS must be low to select the device. INT 
fal ling edge starts the acquisition period. The falling edge 
of WR ends the acquisition period and the MSB 
comparison is made. Then, the (Intermediate Significant 
Bits) ISB and LSB decisions are made with internal timing 



signals. After the conversion is complete, INT goes low 
indicating end of conversion. When RD goes low, 
DB0-DB9 goes from high impedance to _the active state 
with the digital result of the conversion. INT is rest high 
and DB0-DB9 is reset to high impedance on the rising 
edge of RD. 

Interrupt Operation is intended to be used in interrupt 
driven systems or applications where INT signals the 
transfer of data. 

1.6.2 Write-Read Mode 

Write-Read Operation is the same as Interrupt Operation 
except that RD is brought low b efore the internal 
conversion is completed (before INT goes low). 

Timing for Write-Read Operation is shown in Figure 3. To 
perform a co nversion, CS must be low to select the 
device. INT falNngedge starts the acquisition period. The 
falling edge of WR ends the acquisition period and the 
MSB decision is made. Then, the ISB and LSB decisions 
are made by internal timing signals. In this mode, RD is 
brought low before the internal conversion i s co mpleted. 
When the internal conversion is completed, INT will be 
forced low and data will appear on DB0-DB9 as long as 
RD is still low. INT is reset high and DB0-DB9 is reset to 
high impedance on the rising edge of RD. 

Write-Read Operation is intended for applications where 
RD controls the transfer of data to a microprocessor. 

1.6.3 Read Mode 

Read Mode Operatio n is implemented by tying RD to WR 
and keeping RD and WR low long enough so that the 
conversion time is totally determined by the internal 
timing signals. 

Timing for the Read Mode is shown in Figure 4. To do a 
con versi on, CS must be low to select the device. T he R D 
and WR falling edge starts the conversion. RD and WR is 
held low for the entire internal conversion. Thus, the MSB, 
ISB, and LSB comparisons along with the end of the 
acquisition period are made by internally genera ted 
timing signals. After the conversion is complete, INT goes 
low. Since RD is fixed low, DB0-DB9 will go from high 
impedance to active state as soon as INT goes low. INT is 
reset high and DB0-DB9 is reset to high impedance on 
rising edge of WR and RD. 

Read Mode Operation allows a conversion to be done 
with the device's own internal timing and thus, no eternal 
timing is needed. 

1 .6.4 Power-On Reset 

When power is first applied, an_ internal power-on reset 
and timer circuit inhibits the CS input and resets the 
internal circuitry to prevent the ML2271 from starting in 
an unknown state. During this period of approximately 
50^ts, INT remains high and the data bus is in the high- 
impedance state. 
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2.0 TYPICAL APPLICATIONS 
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Figure 8. Protecting the input 



Figure 9. Using V<x as Reference for 
Radiometric Operation 
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Figure 1 0. Using External Reference of D/A 
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Figure 11. 68000 Type Interface to ML2271 



Figure 12. ±2.5V Analog Input Range 
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2.0 TYPICAL APPLICATIONS (Continued) 
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Figure 1 3. Simultaneous Sampling of Two Variables 
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Figure 14. TMS320 Interface with D/A Output 
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ORDERING INFORMATION 


PART NUMBER 


LINEARITY ERROR 


TEMPERATURE RANGE 


PACKAGE 


ML2271CIP 
ML2271CIS 


±1 LSB 


-40°C TO +85°C 
-40°C TO +85°C 


MOLDED DIP (P20) 
MOLDED SOIC (S20) 


ML2271CCP 
ML2271CCS 


±1 LSB 


0°C TO +70°C 
0°C TO +70°C 


MOLDED DIP (P20) 
MOLDED SOIC (S20) 
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Serial I /O 8-Bit A/ D Converters 



GENERAL DESCRIPTION 

The ML2280 and ML2283 are 8-bit successive approximation 
A/ D converters with serial I /O and configurable input 
multiplexers with up to 4 input channels. 

All errors of the sample-and-hold incorporated on the 
ML2280 and ML2283, are accounted for in the analog-to- 
digital converters accuracy specification. 

The voltage reference can be externally set to any value 
between GND and Vco tnus allowing a full conversion over 
a relatively small voltage span if desired. 

The ML2283 is an enhanced double polysilicon CMOS pin 
compatible second source for the ADC0833 A/ D converter. 
All parameters are guaranteed over temperature with a 
power su pply voltage of 5 V ± 10% . 



FEATURES 

■ Conversion time 6j*s 

■ ML2280 capable of digitizing a 5 V, 40 kHz sine wave 

■ Total unadjusted error with external 

reference ± V2 LSB or ± 1 LSB 

■ Sample-and-hold 375 ns acquisition 

■ to 5 V analog input range with single 5 V power 
supply 

■ 2.5 V reference provides to 5 V analog input range 

■ No zero or full-scale adjust required 

■ Low power 12.5 mW MAX 

■ Analog input protection 25 mA (min) per input 

■ Differential analog voltage inputs 

■ 0.3" width 8- or 14-pin DIP 

■ 4-channel input MUX option 

■ Superior pin compatible replacement for ADC0833 
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PIN CONNECTIONS 



ML2280 Single Differential Input 

8-PIN DIP 



ML22834-ChannelMUX 
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PIN DESCRIPTION 



NAME 


FUNCTION 


Vcc 


Positive supply. 5 volts ± 10% 


DGND 


Digital ground. volts. All digital 
inputs and outputs are referenced 
to this point. 


AGND 


Analog ground. The negative refer- 
ence voltage for A/ D converter. 


GND 


Combined analog and digital 
ground. 


CH0,V, N +,V lN - 


Analog inputs. Digitally selected to 
be single ended (V| N ) or; Vim + or 
V|n~ of a differential input. Analog 
range = GND<V||m<V<x 


VREF/2 


Reference. The analog input range 
is twice the positive reference 
voltage value applied to this pin. 


v+ 


Input to the Shunt Regulator. 


DO 


Data out. Digital output which 
contains result of A/ D conversion. 
The serial data is clocked out on 
falling edges of CLK. 



NAME 



SARS 



CLK 



Dl 



CS 



FUNCTION 



Successive approximation register 
status. Digital output which indi- 
cates that a conversion is in pro- 
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com- 
pleted. When CS-1, SARS is in 
high impedance state. 

Clock. Digital input which clocks 
data in on Dl on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for A/ D 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer and channel assign- 
ment and A/D converison. When 
CS = 1, all digital outputs are in high 
impedance state. When CS=0, 
normal A/D conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Current into V+ 15mA 

Supply Voltage, V cc 6.5V 

Voltage 

Logic Inputs - 7 V to V cc +7 V 

Analog Inputs -0.3VtoV cc +0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°Cto +150°C 

Package Dissipation 
atT A =25°C (Board Mount) 800mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 



OPERATING CONDITIONS 



Supply Voltage, Vcc 4.5V DC to 6.3 V D c 

Temperature Range (Note 3) T M | N <T A <T MAX 

ML2280BMJ, ML2283BMJ -55°Cto +125°C 

ML2280BIJ, ML2283BIJ -40°Cto +85°C 

ML2280CIJ, ML2283CIJ 

ML2280BCP, ML2283BCP 0°Cto +70°C 

ML2280CCP, ML2283CCP 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A =T M | N to T MAX/ V C c= 5 V ± 10%, f CL K= 1.333MHz, and V REF / 2 - 2.5 V 




NOTES 


CONDITIONS 


ML2280B, ML2283B 


ML2280C, ML2283C 




PARAMETER 


MIN 


TYP 
NOTE 4 


MAX 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 


5,7 


Vref/2 - 2-5V 
Vref/2 not Connected 






±1/2 
±2 






±1 
±2 


LSB 
LSB 


Reference Input 
Resistance, Vref/2 


5 




3 


5 


7.5 


3 


5 


7.5 


kQ 


Common-Mode Input 
Range 


5,8 




GND 
-0.05 




Vcc 
+0.05 


GND 
-0.05 




Vcc 
+0.05 


V 


DC Common-Mode 
Error 


6 


Common Mode 
Voltage GND to V CC /2 




±Vl6 


±1/4 




±Vl 6 


±1/4 


LSB 


AC Common-Mode 
Error 


6 


Comon Mode Voltage 

GNDtoVco 
to 50 kHz 






±1/4 






±1/4 


LSB 


DC Power Supply 
Sensitivity 


6 


V cc = 5 V ±10% 
Vref<V cc +0.1V 




±V32 


±1/4 




±1/32 


±1/4 


LSB 


AC Power Supply 
Sensitivity 


6 


100mVp.p, 25 kHz Sine 
on V cc 






±1/4 






±1/4 


LSB 


Change in Zero Error 
from Vcc = 5 V to Inter- 
nal Zener Operation 


6 


15 mA into V+ 
V CC = N.C. 
Vref/ 2 = 2.5V 




±V2 






± 1 /2 




LSB 


V Z/ Internal Diode 
Regulated Breakdown 
(atV+) 




15 mA into V+ 




6.9 






6.9 




V 


V+ Input Resistance 


5 




20 


35 




20 


35 




kQ 


lofl> Off Channel 
Leakage Current 


5,9 


OnChannel=V C c 
Off Channel =0V 


-1 






-1 






ma 




On Channel =0V 
Off Channel = V cc 






+1 






+1 


ma 


l 0n / On Channel 
Leakage Current 


5,9 


On Channel = 0V 
Off Channel = V cc 


-1 






-1 






ma 




OnChannel=V C c 
Off Channel = 0V 






+1 






+1 


ma 



*H> Micro Linear 



2-153 



ML2280, ML2283 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T A =T M | N toT MAX/ V C c=5V±10%, f CLK = 1.333 MHz, and V REF /2 = 2.5V. 



PARAMETER 



NOTES CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



LIMIT 
UNITS 



DIGITAL AND DC CHARACTERISTICS 



ViMfl), Logical "1" Input 
Voltage 


5 




2.0 






V 


V|N(0)/ Logical "0" Input 
Voltage 


5 








0.8 


V 


liNfl), Logical "1" Input Current 


5 


V IN =V CC 






1 


ma 


'iN(0)/ Logical "0" Input 
Current 


5 


V IN =0V 


-1 






ma 


v OUTd)/ Logical "1" Output 
Voltage 


5 


l uT=-2mA 


4.0 






V 


Vouko)/ Logical "0" Output 
Voltage 


5 


louT=2mA 






0.4 


V 


louT/ Hi-Z Output 
Current 


5 


Vout-OV 
Vout^Vcc 


-1 




1 


ma 
ma 


'source/ Output Source 
Current 


5 


V O ut=0V 


-6.5 






mA 


IsinK/ Output Sink Current 


5 


V OUT = V CC 






8.0 


mA 


'co Supply Current 


5 






1.3 


2.5 


mA 



AC ELECTRICAL CHARACTERISTICS 



fciio Clock Frequency 


5 




10 




1333 


kHz 


t A £Q, Sample-and-Hold 
Acquistion 








V2 




1/fcuc 


tc/ Conversion Time 




Not including MUX 
Addressing Time 




8 




1/fo.K 


SNR, Signal to Noise Ratio 
ML2280 


12 


V, N =40kHz / 5VSine. 
f CLK = 1.333 MHz 

tfsAMPLING=120kHz). 

Noise is Sum of All 
Nonfundamental 
Components up to V2 of 

^SAMPLING 




47 




dB 


THD, Total Harmonic 
Distortion ML2280 


12 


V, N =40kHz,5VSine. 
f CL K- 1-333 MHz 
tfsAMPLiNG a 120kHz). 
THD is Sum of2, 3, 4, 5 
Harmonics Relative to 
Fundamental 




-60 




dB 


IMD, Intermodulation 
Distortion ML2280 


12 


V, N -f A +f B .f A -40kHz, 

2.5 V Sine. 

f„- 39.8 kHz, 2.5 V Sine, 

f CL K-1.333MHz 

(fsAMPLINC a 120kH2). 

IMDis(f A +f B ),(f A -f B ), 
(2f A +f B ),(2f A -f B ), 
(f A +2f B ),(f A -2f B ) Rela- 
tive to Fundamental 




-60 




dB 


Clock Duty Cycle 


5,10 




40 




60 


% 


tsEi-up CS Falling Edge or Data 
Input Valid to CLK Rising Edge 


5 




130 






ns 


t H oLD' Data Input Valid after 
CLK Rising Edge 


5 




80 






ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T A =T M | N to T MAX/ V C c = 5V±10%, f C |_K = 1-333 MHz, and V REF/2 = 2.5V 



PARAMETER 



NOTES CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



LIMIT 
UNITS 



AC ELECTRICAL CHARACTERISTICS 



tpdv tpdo— CLK Falling Edge to 
Output Data Valid 


5,11 


C L = 100pF 
Data MSB First 
Data LSB First 




90 
50 


200 
110 


ns 
ns 


hh> toH> — Rising Edge of CS to 
Data Output and SARS Hi-Z 


6 


C L = 10pF, R L =10k(see 
High Impedance Test 
Circuits) 




40 


90 


ns 




6 


C L =100pF,R L =2k 




80 


160 


ns 


C| N , Capacitance of Logic 
Input 








5 




pF 


Cout> Capacitance of Logic 
Outputs 








5 




pF 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 
specified are measured with respect to ground. 

Note 2: When the input voltage (V !N ) at any pin exceeds the power supply rails (V| N <GND or V| N > V cc ) the absolute value of current at that 
pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C 
to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sam- 
pling, or by correlation with worst-case test conditions. 
Note 4: Typicals are parametric norm at 25 °C. 
Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: For V| N (-) > V| N (+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (See Block Diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, 
during testing at low V C c levels (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 
temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 
the analog V| N or V REF does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute V to 
5 V input voltage range will therefore require a minimum supply voltage of 4.950 V DC over temperature variations, initial tolerance and loading. 
Note 9: Leakage current is measured with the clock not switching. 

Note 10: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 
cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum 
time the clock can be high or low is 60jus. 

Note 11: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (See 
Block Diagram) to allow for comparator response time. 
Note 12: Because of multiplexer addressing, test conditions for the ML2283 isV| N = 30kHz, 5 V sine (fsAMPUNG~89kHz). 
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Figure 1. High Impedance Test Circuits and Waveforms 
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Figure 2. Timing Diagrams 
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ML2280 Timing 
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ML2283 Timing 
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-A/ D CONVERSION IN PROCESS *• 
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Figure 2. Timing Diagrams (Continued) 
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SOME OF THESE FUNCTIONS/ PINS ARE NOT AVAILABLE WITH ML2280. 



Figure 6. ML2283 Functional Block Diagram 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 

The design of these converters utilizes a sample data compar- 
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned "+" input terminal and a "-" input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned " +" input is less than the 
" - " input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, or differential options. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana- 
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel and channel 1 may be 
selected as a different pair but channel or channel 1 cannot 
act differentially with any other channel. In addition to select- 
ing the differential mode, the sign may also be selected. 
Channel may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in Table 7. 

The MUX address is shifted into the converter via the Dl 
input. Since the ML2280 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen- 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 



Table 1. ML2283 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 



MUX Address 


Channel # 


SGL/ 
DIF 


ODD/ 

SIGN 


SELECT 





1 


2 


3 


1 





1 








1 


+ 








1 





1 


1 






+ 




1 


1 





1 




+ 






1 


1 


1 


1 








+ 


Differential MUX Mode 


MUX Address 


Channel # 


SGL/ 
DIF 


ODD/ 

SIGN 


SELECT 





1 


2 


3 


1 














1 


+ 


- 












1 


1 






+ 


- 





1 





1 


- 


+ 









1 


1 


1 






- 


+ 



4 SINGLE-ENDED 



o — 


+ 


1 — 


+ 


2 


+ 


3 


+ 


_r~ 


AGND 



2 DIFFERENTIAL 




MIXED MODE 


II 


+ 


2 


+ 


3 


+ 


. 


AGND 



Figure 7. Analog Input Multiplexer Functional 
Options for ML2283 
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1.2 Digital Interface 

The block diagram and timing diagrams in Figures 2-5 illus- 
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the CLK input. On each rising edge of 
the clock, the data on Dl is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the Dl input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of V2 clock period is 
used for sample-and-hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the Dl input is 
ignored. 

The DO output comes out of high impedance and provides a 
leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
juP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this V2 clock cycle later. 

The serial data is always shifted out MSB first during the con- 
version. After the conversion has been completed, the data is 
shifted out a second time with LSB first. The ML2280 data is 
shifted out only once, MSB first. 

All internal registers are cleared_when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The Dl input and DO output can be tied together and con- 



trolled through a bidirectional \n? I/O bit with one connec- 
tion. This is possible because the Dl input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 

1.3 Reference 

The ML2280 and ML2283 are intended primarily for use in 
circuits requiring absolute accuracy. In this type of system, 
the analog inputs vary between very specific voltage limits 
and the reference voltage for the A/ D converter must remain 
stable with time and temperature. For ratiometric applica- 
tions, see the ML2281 and ML2284 which have a V REF input 
that can be tied to V cc . 

The voltage applied to the Vref/2 P' n defines the voltage span 
of the analog input (the difference between VI N + and Vin - ) 
over which the 256 possible output codes apply. A full-scale 
conversion (an all 1s output code) will result when the voltage 
difference between a selected "+" input and "-" input is 
approximately twice the voltage at the Vref/2 P' n - This inter- 
nal gain of 2 from the applied reference to the full-scale input 
voltage allows biasing a low voltage reference diode from the 
5 Vqc converter supply. To accommodate a 5 V input span, 
only a 2.5 V reference is required. The output code changes 
in accordance with the following equation: 

/V, N (+)- 



Output Code =256 






-V| N (-> 



2(V REF /2) 

where the output code is the decimal equivalent of the 8-bit 
binary output (ranging from to 255) and the term Vref/2 is 
the voltage to ground. 

The Vref/2 P" n > s the center point of a two resistor divider 
(each resistor is 10 kQ) connected from Vcc to ground. Total 
ladder input resistance is the parallel combination of these 
two equal resistors. As shown in Figure 8, a reference diode 
with a voltage less than Vcc/2 can be connected without 
requiring an external biasing resistor if its current require- 
ments meet the indicated level. 

The minimum value of Vref/2 can be quite small (See Typical 
Performance Curves) to allow direct conversions of trans- 
ducer outputs providing less than a 5 V output span. Rarticu- 
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Figure 8. Reference Biasing 
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lar care must be taken with regard to noise pickup, circuit 
layout and system error voltage sources when operating with 
a reduced span due to the increased sensitivity of the con- 
verter (1 LSB equals V RE f/256)- 

1.4 Analog Inputs and Sample/ Hold 

An important feature of the ML2280 and ML2283 is that they 
can be located at the source of the analog signal and then 
communicate with a controlling \x? with just a few wires. This 
avoids bussing the analog inputs long distances and thus 
reduces noise pickup on these analog lines. However, in 
some cases, the analog inputs have a large common mode 
voltage or even some noise present along with the valid ana- 
log signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both "+" and "-" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between "+" and "-" 
inputs. 

The ML2280 and ML2283 have a true sample-and-hold cir- 
cuit which samples both "+" and "-" inputs simultane- 
ously. This simultaneous sampling with a true S/H will give 
common mode rejection and AC linearity performance that 
is superior to devices where the two input terminals are not 
sampled at the same instant and where true sample-and-hold 
capability does not exist. Thus, these A/ D converters can 
reject AC common mode signals from DC-50kHz as well as 
maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is V2 CLK per- 
iod wide and occurs V2 CLK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the S/ H acquisition time, 8 pF of 
capacitance is thrown onto the analog input. V2 CLK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the S/H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer CLK period can be used. 

For latch-up immunity each analog input has dual diodes to 
the supply rails, and a minimum of ± 25 mA ( ± 100 mA typi- 
cally) can be injected into each analog input without causing 
latch-up. 

1.5 Zero Error Adjustment 

The zero of the A/ D does not require adjustment. If the mini- 
mum analog input voltage value, Vinmin is not ground, a 
zero offset can be done. The converter can be made to out- 



put 00000000 digital code for this minimum input voltage by 
biasing any Vin - input at this Vinmin value. This utilizes the 
differential mode operation of the A/ D. 

The zero error of the A/D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the V| N - input and applying a small magnitude 
positive voltage to the Vin + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal V2 LSB value (V2 LSB - 9.8 mV for 
V REF /2 = 2.500 V DC ). 

1.6 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen- 
tial input voltage which is IV2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni- 
tude of the Vref/2 i n P u t for a digital output code which is just 
changing from 11111110 to 11111111. 

1.7 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/ D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A Vin + voltage which equals this 
desired zero reference plus V2 LSB (where the LSB is calcu- 
lated for the desired analog span, 1 LSB - analog span/256) is 
applied to selected " +" input and the zero reference voltage 
at the corresponding " - " input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the Vin + input which is given by: 

V IN + fs adjust = V MA x-1.5*[(Vmax-Vmin)/256] 
where Vmax ~ high end of the analog input range 

Vmin = low en d (offset zero) of the analog range 

The Vref or V<x voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.8 Shunt Regulator 

A unique feature of the ML2283 is the inclusion of a shunt 
regulator connected from V+ terminal to ground which also 
connects to the V<x terminal (which is the actual converter 
supply) through a silicon diode as shown in Figure 9. When 
the regulator is turned on, the V+ voltage is clamped at 11 
Vbe set by the internal resistor ratio. The typical l-V curve of 
the shunt regulator is shown in Figure 10. It should be noted 
that before V+ voltage is high enough to turn on the shunt 
regulator (which occurs at about 5.5 V), 35 kQ of resistance is 
observed between V+ and GND. When the shunt regulator 
is not used, V+ pin should be either left floating or tied to 
GND. The temperature coefficient of the regulator is 
-22mV/°C. 
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2.0 APPLICATIONS 



8051 Interface and Controlling Software 




>- 



CH3 



CS 

CLK 

J 
Dl 

DO 



8051 



Figure 9. Shunt Regulator 




Figure 10. I-V Characteristic of the 
Shunt Regulator 



Mnemonic 


Instruction 


START 


ANL 


P1, #0F7H 


;SELECTA/D 
(CS -0) 




MOV 


B,#5 


;BITCOUNTER-5 




MOV 


A, #ADDR 


;A *- MUX BIT 


LOOP1: 


RRC 


A 


;CY - ADDRESS BIT 




JC 


ONE 


;TEST BIT 
;BIT-0 


ZERO: 


ANL 


PI, #0FEH 


;DI«-0 




SJMP 


CONT 


;CONTINUE 
;BIT-1 


ONE: 


ORL 


PI, #1 


;D1*-1 


CONT: 


ACALL 


PULSE 


;PULSESK0-1-*0 




DJNZ 


B,LOOP1 


;CONTINUE UNTIL DONE 




ACALL 


PULSE 


;EXTRA CLOCK FOR SYNC 




MOV 


B,#8 


;BITCOUNTER-8 


LOOP 2: 


ACALL 


PULSE 


;PULSESK0-1-*0 




MOV 


A, PI 


;CY«-DO 




RRC 


A 






RRC 


A 






MOV 


A,C 


;A - RESULT 




RLC 


A 


;A(0)- BIT AND SHIFT 




MOV 


C,A 


;C *- RESULT 




DJNZ 


B, LOOP 2 


;CONTINUE UNTIL DONE 


RETI 






;PULSE SUBROUTINE 


PULSE: 


ORL 


P1,#04 


;SK-1 




NOP 




;DELAY 




ANL 


P1, #0FBH 


;SK*-0 




RET 
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APPLICATIONS (Continued) 



ML2283 "Stand-Alone" or Evaluation Circuit 



CLOSE TO 

START THE 

A/ D CONVERSION 



ZZO.OOImF 



/77 /77CLOCK 

GENERATOR 



t 05VDC 



u 



i— 15 

J -JT. 



Tr 



:©-. 



i 



"~\ —\ ~~i 



L 



1 



i 



i 



PARALLEL INPUTS 



INPUT SHIFT REGISTER 
74HC165 



GN IL 
DO 




5V DC 



Ik 
-VW- 



H 



1k 1k 

-a/a r — v ^ v_ 



1 



ANALOG INPUTS 
ML2283 



Vref/2 AGND DGND V+ v rr 



T~~% 1 



J, 



CLR 

Q D 

CLK 



1 



5Vdc 



14 



OUTPUT SHIFT REGISTER 
74HC164 



CLK 
QH 



Qa 



10 M F 

rft 



J 1.3k 



13 12 11 10 



_T "ilJ ~il(J dir/ lifJ KfJ "dlnf "dlfJ "dipt 



DATA DISPLAY 



rO5V 0C 



Low-Cost Remote Temperature Sensor 



>RSET 



F 



5V DC 



10k I 

T A MIN< 

ADJ. 1 



Vin(+) v C c 



ML2283 



Vin(-) Vref/2 



Vcc 

(5Vdc) 

p 



^plO^F 



:7.5k 



1} 



5k 

T A MAx 

ADJ. 
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APPLICATIONS (Continued) 



Protecting the Input 



v C c 

(5Voc) 
Q 



15VDC 
>OP 
[AMP 600Q 




-15Vdc 



V| N (+) v cc 



V|N(-) 



i:io^F 



V CC 0.1 Q 

(5VDC) - 



DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 

Digitizing a Current Flow 

- lLOAD (2 A FULL-SCALE) 



>240k 



100 Q 

ZERO£«- 
ADJ. 



Vin(-) Vcc 



V|N(+) VreF/2 



►120k 



? (5Vdc) 



^:10mF 



LOAD 



: 



9.1k 

r-Wsr-t 



^^ it 2.5V 



Operating with Ratiometric Transducers 




*Vin(-)=0.15V CC 

15% OF Vcc < V X DR < 85% OF V C c 



VlN 



Span Adjust: 0V<V, N < 3 V 



Vcc 

(5VDC) 
Q 




r 



Vin(+) Vcc 



Vin(-) Vref/2 



300 Q 



— >2k 




SET FOR 1.5 V- 
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APPLICATIONS (Continued) 



Zero-Shift and Span Adjust: 2 V< V, N < 5 V 



Vcc 

(5Vdc) 

o 



V|N 




SETS ZERO 
CODE VOLTAGE 



V|N(+) Vcc 



I — Vin(-) Vref/2 



300Q 



ADJ.' 






CT 






330 

1k 
2.7k S 2Vdc 

ZERO ADJ. 



SETS 
VOLTAGE SPAN 



1.2 V J 



Digital load Cell 



10V-t 



STRAIN GAUGE 

LOAD CELL 
300Q/30mVFS 




• USES ONE MORE WIRE THAN LOAD CELL ITSELF 

• TWO MINI-DIPs COULD BE MOUNTED INSIDE LOAD CELL 
FOR DIGITAL OUTPUT TRANSDUCER 

• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 
SPECS FOR GAUGE FACTOR AND OFFSET 

• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 
HIGH NOISE IMMUNITY 
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x> 



V| N + 
V| N - 



DO 



■X3- 



LOAD B( 

COUNT 
A B C D DOWN 



7 



L- S Q 



-£>0- R 



CLK 



ft 



-A 



D Q 



-A. 



D Q 



-A- 



TMS320 
SERIES 



S> 



FSR 
CLK 



Sampling Rate 111 KHz, Data Rate 1.33 MHz 



/ v_ 




/ \ 








\ 


/ \ 






^v 


/ 


Hl-Z 


_xzxzxzxzxzxzxz>c 


- ) — - — 
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ORDERING INFORMATION 



PART NUMBER 



ALTERNATE 
PART NUMBER 



TOTAL 
UNADJUSTED ERROR 



TEMPERATURE 
RANGE 



PACKAGE 



SINGLE ANALOG INPUT, 8-PIN PACKAGE 



ML2280BMJ 

ML2280BIJ 

ML2280BCP 

ML2280CIJ 

ML2280CCP 



±V2LSB 



±1LSB 



-55°Cto+125°C 
-40°Cto+85°C 

0°to+70°C 
-40°Cto+85°C 

0°Cto+70°C 



HERMETIC DIP (J08) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 
HERMETIC DIP 008) 
MOLDED DIP (P08) 



FOUR ANALOG INPUTS, 14-PIN PACKAGE 



ML2283BMJ 

ML2283BIJ 

ML2283BCP 

ML2283CIJ 

ML2283CCP 



ADC0833BJ 

ADC0833BCJ 

ADC0833BCN 

ADC0833CCJ 

ADC0833CCN 



±1/2 LSB 



±1LSB 



-55°Cto+125°C 
-40°Cto+85°C 

0° to +70°C 
-40°Cto+85°C 

0°Cto+70°C 



HERMETIC DIP (J14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 
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Serial I/O 8-Bit A/D Converters with 

Multiplexer Options 



GENERAL DESCRIPTION 

The ML2281 family are 8-bit successive approximation A/D 
converters with serial I/O and configurable input multiplex- 
ers with up to 8 input channels. 

All errors of the sample-and-hold, incorporated on the 
ML2281 family are accounted for in the analog-to-digital 
converters accuracy specification. 

The voltage reference can be externally set to any value be- 
tween GND and Vqq, thus allowing a full conversion over a 
relatively small voltage span if desired. 

The ML2281 family is an enhanced double polysilicon CMOS 
pin compatible second source for the ADC0831, ADC0832, 
ADC0834, and ADC0838 A/D converters. The ML2281 series 
enhancements are faster conversion time, true sample-and- 
hold function, superior power supply rejection, improved AC 
common mode rejection, faster digital timing, and lower 
power dissipation. All parameters are guaranteed over 
temperature with a power supply voltage of 5 V ± 10%. 



FEATURES 

■ Conversion time 6 jus 

■ Total unadjusted error ± V2 LSB or ± 1 LSB 

■ Sample-and-hold 375 ns acquisition 

■ 2, 4, or 8-input multiplexer options 

■ to 5 V analog input range with single 5 V power 
supply 

■ Operates ratiometrically or with up to 5 V voltage 
reference 

■ No zero or full-scale adjust required 

■ ML2281 capable of digitizing a 5 V, 40 kHz sine wave 

■ Low power 12.5 mW MAX 

■ 0.3" width 8-, 14-, or 20-pin DIP 

■ 20-pin surface mount PCC ML2288 

■ Superior pin compatible replacement for ADC0831, 
ADC0832, ADC0834, and ADC0838 

■ Analog input protection 25 mA (min) per input 



BLOCK DIAGRAMS 

ML2281 



ML2288 



CONTROL 

AND 

TIMING 



OUTPUT 
SHIFT-REGISTER 



A/D WITH SAMPLE & HOLD FUNCTION 



3CS 
DCLK 




-OVref 



1 I 

V C C GND 



CH0O— 

CHK 

CH2< 

CH3< 

CH4< 

CH5( 

CH6< 

CH7C 



INPUT 
SHIFT-REGISTER 



8-CHANNEL 

S.E. 

OR 
4-CHANNEL 

DIFF. 
MULTIPLEXER 



CONTROL 

AND 

TIMING 



OUTPUT 
SHIFT-REGISTER 



A/D 

CONVERTER 

WITH 

SAMPLE & HOLD 

FUNCTION 



TT 

AGND Vref 



-►ODO 



SHUNT 
REGULATOR 



A 

Vcc 
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PIN CONNECTIONS 



ML2281 Single Differential Input 

8-PIN DIP 


ML2282 2-ChannelMUX 

8-PIN DIP 


ML2288 8-C 




CS[ 
V|N(+)[ 
V| N (-)[ 

gnd[ 


1 8 ]V C C 

2 7 ]CLK 

3 6 ]DO 

4 5 ]V REF 


CS[1 8 
CH0[ 2 7 
CHl[ 3 6 
GND[ 4 5 


] Vcc (Vref) 
]CLK 

]do 

]D. 


hannelMUX 


TOP VIEW 

ML2284 4-ChannelMUX 

14-PIN DIP 




TOP VIEW 






20-PIN DIP 




ML2288 8-ChannelMUX 

20-PIN PCC 


CH0[ 
CH1[ 
CH2[ 
CH3[ 
CH4[ 
CH5[ 
CH6[ 
CH7[ 

com[ 
dgnd[ 


1 20 

2 19 

3 18 

4 17 

5 16 

6 15 

7 14 

8 13 

9 12 

10 11 


]v cc 
]v + 
]cs 

]D. 

]CLK 

]SARS 

]do 

]SE 


v + [ 


1 14 

2 13 

3 12 

4 11 

5 10 

6 9 

7 8 


]v cc 

]D. 
]CLK 

]SARS 

]do 

]Vref 

]agnd 


CH2 CH1 CHO Vcc V + 

r-i n nr-i n 


CH0[ 
CH1[ 
CH2[ 


/321 2019 _ 
CH3 C 4 18 1 CS 
CH4 C 5 17 3 Dl 
CH5 C6 16 1 CLK 
CH6 17 15 1 SARS 

CH7t8 9K.1H2B M]DO 


cm[ 
dgnd[ 


UUUUU 

//l\\ 

COM DGND 1 Vref si 
AGND 


]v REF 
]agnd 




TOP VIEW 




TOP VIEW 




TOP VIEW 





PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



Vcc 
DGND 



AGND 



CH0-7,V IN+/ V, N - 



COM 



Vref 
SE 



V+ 



Positive supply. 5 volts ± 10% 
Digital ground. volts. All digital 
inputs and outputs are referenced 
to this point. 

Analog ground. The negative refer- 
ence voltage for A/ D converter. 
Analog inputs. Digitally selected to 
be single ended (Vim) or; Vin + or 
V|n- of a differential input. Analog 
range = GND<V| N <V<x 
Common reference point for ana- 
log inputs. A/ D conversion is 
performed on voltage difference 
between analog input and this 
common reference point if single- 
end conversion is specified. 
Reference. The positive reference 
voltage for A/ D converter. 
Shift enable. Input controls 
whether LSB first bit stream is 
shifted out on serial output DO. If 
SE- 1, MSB first is shifted out only. 
If SE=0, an MSB first bit stream is 
shifted out then a second bit 
stream with LSB first is shifted out 
after end of conversion. 
Input to the Shunt Regulator. 



DO 



SARS 



CLK 



Dl 



CS 



Data out. Digital output which 
contains result of A/ D conversion. 
The serial data is clocked out on 
falling edges of CLK. 
Successive approximation register 
status. Digital output which indi- 
cates that a conversion is in pro- 
gress. When SARS goes to 1, the 
sampling window is closed and 
conversion begins. When SARS 
goes to 0, conversion is com- 
pleted. When CS-1, SARS is in 
high impedance state. 
Clock. Digital input which clocks 
data in on Dl on rising edges and 
out on DO on falling edges. Also 
used to generate clocks for A/ D 
conversion. 

Data input. Digital input which 
contains serial data to program the 
MUX and channel assignments. 

Chip select. Selects the chip for 
multiplexer and channel assign- 
ment and A/D converison. When 
CS = 1, all digital outputs are in high 
impedance state. When CS=0, 
normal A/D conversion takes 
place. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Current into V+ 15mA 

Supply Voltage, V cc 6.5 V 

Voltage 

Logic Inputs - 7 V to V cc +7 V 

Analog Inputs -03VtoV cc +0.3 V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°Cto +150°C 

Package Dissipation 
atT A = 25°C (Board Mount) 800mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) 260° C 

Dual-ln-Line Package (Ceramic) 300° C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 



Supply Voltage, V cc 4.5 V DC to 6.3 V DC 

Temperature Range (Note 3) T M | N <T A <T MAX 

ML2281/2/4/8BMJ -55°Cto +125°C 

ML2281/2/4/8CMJ 

ML2281/2/4/8BIJ -40°Cto+85°C 

ML2281/2/4/8CIJ 

ML2281/2/4/8BCP 0°Cto +70°C 

ML2281/2/4/8CCP 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T a =Tmin to Tmax/ Vcc = Vref = 



5V±10%,andf CL K=1-333MHz 





NOTES 


CONDITIONS 


ML2281B, ML2282B 
ML2284B, ML2288B 


ML2281C, ML2282C 
ML2284C, ML2288C 




PARAMETER 


MIN 


TYP 
NOTE 4 


MAX 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


CONVERTER AND MULTIPLEXER CHARACTERISTICS 


Total Unadjusted Error 


5,7 


Vref=V C c 






±V2 






±1 


LSB 


Reference Input 
Resistance 


5,8 




6 


10 


15 


6 


10 


15 


kQ 


Common-Mode Input 
Range 


5,9 




GND 
-0.05 




V CC 
+0.05 


GND 
-0.05 




Vcc 
+0.05 


V 


DC Common-Mode 
Error 


6 


Common Mode 
Voltage GND to V CC /2 




±V16 


±1/4 




±Vl 6 


±1/4 


LSB 


AC Common-Mode 
Error 


6 


Comon Mode Voltage 

GNDtoV cc/2 

to 50 kHz 






±1/4 






±1/4 


LSB 


DC Power Supply 
Sensitivity 


6 


V CC = 5V±10% - 
Vref<V cc +0.1V 




± 1 /32 


±1/4 




±1/32 


±1/4 


LSB 


AC Power Supply 
Sensitivity 


6 


100mVp.p, 25 kHz sine 
on Vcc 






±1/4 






±1/4 


LSB 


Change in Zero Error 
from V C c = 5 V to I nter- 
nal Zener Operation 


6 


15 mA into V+ 

V CC = N.C.V REF = 5V 




±V2 






±V2 




LSB 


V z , Internal Diode 
Regulated Breakdown 
(atV+) 




15 mA into V+ 




6.9 






6.9 




V 


V+ Input Resistance 


5 




20 


35 




20 


35 




kQ 


'off' Off Channel 
Leakage Current 


5,10 


On Channel = V CC 
Off Chan nel=0V 


-1 






-1 






M A 




OnChannel=0V 
Off Channel = V cc 






+1 






+1 


M A 


l n/ On Channel 
Leakage Current 


5,10 


On Channel =0V 
Off Channel = V cc 


-1 






-1 






M A 




On Channel = V C c 
Off Channel =0V 






+1 






+1 


M A 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T A = Tmin to TmaX/ Vcc = Vref = 5 V ± 10%, and fci_K = 1.333 MHz 



PARAMETER 



NOTES 



CONDITIONS 



ML2281B, ML2282B 
ML2284B, ML2288B 



MIN 



TYP 
NOTE 4 



MAX 



ML2281C, ML2282C 
ML2284C, ML2288C 



MIN 



TYP 
NOTE 4 



MAX 



UNITS 



DIGITAL AND DC CHARACTERISTICS 



V,N(i)/ Logical "1" 
Input Voltage 


5 




2.0 






2.0 






V 


V| N(0 ), Logical "0" 
Input Voltage 


5 








0.8 






0.8 


V 


l| N(1) , Logical "1" Input 
Current 


5 


V, N = V CC 






1 






1 


M A 


l| N(0)/ Logical "0" Input 
Current 


5 


V IN = 0V 


-1 






-1 






ma 


Vouto)/ Logical "1" 
Output Voltage 


5 


l OU T=-2mA 


4.0 






40 






V 


Vouko)/ Logical "0" 
Output Voltage 


5 


l OU T = 2mA 






0.4 






0.4 


V 


IquT' Hi-Z Output 
Current 


5 


V OU T=0V 

V OUT = V CC 


-1 




1 


-1 




1 


M A 
H A 


'source' Output 
Source Current 


5 


V O ut=0V 


-6.5 






-6.5 






mA 


l S i NK/ Output Sink 
Current 


5 


VouT = V CC 






8.0 






8.0 


mA 


l cc , Supply Current 
ML2281, ML2284, 
ML2288 


5 






1.3 


2.5 




1.3 


2.5 


mA 


ML2282 


5 


Includes Ladder 
Current 




1.8 


35 




1.8 


3.5 


mA 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



LIMIT 
UNITS 



AC ELECTRICAL CHARACTERISTICS 



fcLK' Clock Frequency 


5 




10 




1333 


kHz 


t AC Q, Sample-and-Hold 
Acquistion 








V2 




1/fcLK 


t c , Conversion Time 




Not including MUX 
Addressing Time 




8 




1/fo.K 


SNR, Signal to Noise Ratio 
ML2281 


12 


V 1N =40kHz,5VSine. 
f CLK = 1.333MHz 

(f S AMPLING=120kHz). 

Noise is Sum of All 
Nonfundamental 
Components up to Vi of 

fsAMPLING 




47 




dB 


THD, Total Harmonic 
Distortion ML2281 


12 


V, N =40kHz / 5VSine. 
fcLK = 1-333MHz 

(fsAMPLING=120kHz). 

THDisSumof2 / 3 / 4 / 5 
Harmonics Relative to 
Fundamental 




-60 




dB 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A =T M | N to TmaX/ Vcc^ Vref = 



5V±10%,andf CL K-1.333MHz 



PARAMETER 



NOTES CONDITIONS 



MIN 



TYP 
NOTE 4 



MAX 



LIMIT 
UNITS 



AC ELECTRICAL CHARACTERISTICS (Continued) 



IMD, Intermodulation 
Distortion ML2281 


12 


V lN = f A +f B .f A = 40kHz, 
2.5 V Sine. 

f B = 39.8kHz, 2.5V Sine, 
f CLK = 1.333 MHz 
(fsAMPUNG-12° kHz )- 
IMDis(f A +f B )/(fA-W/ 
(2f A +f B ),(2f A -f B ), 
(f A +2f B ),(f A -2f B ) Rela- 
tive to Fundamental 




-60 




dB 


Clock Duty Cycle 


5, 11 




40 




60 


% 


t SET . UP/ CS Falling Edge or Data 
Input Valid to CLK Rising Edge 


5 




130 






ns 


t H oi_D' D ata Input Valid after 
CLK Rising Edge 


5 




80 






ns 


tpdv tpdo-CLK Falling Edge to 
Output Data Valid 


5, 13 


C L = 100pF 
Data MSB First 
Data LSB First 




90 
50 


200 
110 


ns 
ns 


hn> toH/ -~ Rising Edge of CS to 
Data Output and SARS Hi-Z 


6 


C L = 10pF, R L = 10k(see 
High Impedance Test 
Circuits) 




40 


90 


ns 




5 


C L = 100pF, R L = 2k 




80 


160 


ns 


Q N , Capacitance of Logic 
Input 








5 




PF 


Cout> Capacitance of Logic 
Outputs 








5 




pF 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: When the input voltage (V| N ) at any pin exceeds the power supply rails (V| N <GND or V| N >V CC ) the absolute value of current at that 

pin should be limited to 25 mA or less. 

Note 3: - 55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C 

to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 

sampling, or by correlation with worst-case test conditions. 

Note 4: Typicals are parametric norm at 25°C. 

Note 5: Parameter guaranteed and 100% production tested. 

Note 6: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 7: Total unadjusted error includes offset, full-scale, linearity, multiplexer and sample-and-hold errors. 

Note 8: Cannot be tested for ML2282. 

Note 9: For V| N ( - ) > V| N ( +) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see Block Diagram) 

which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater then the Vcc supply. Be careful, 

during testing at low Vcc ' eve ' s (4.5 V), as high level analog inputs (5 V) can cause this input diode to conduct-especially at elevated 

temperatures, and cause errors for analog inputs near full-scale. The spec allows 50 mV forward bias of either diode. This means that as long as 

the analog V 1N or V REF does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute V to 

5 V input voltage range will therefore require a minimum supply voltage of 4.950 V D c over temperature variations, initial tolerance and loading. 

Note 10: Leakage current is measured with the clock not switching. 

Note 11: A 40% to 60% clock duty cycle range insures proper operation at all clock frequencies. In the case that an available clock has a duty 

cycle outside of these limits, the minimum, time the clock is high or the minimum time the clock is low must be at least 300 ns. The maximum 

time the clock can be high or low is 60/iS. 

Note 12: Because of multiplexer addressing, test conditions for the ML2282 would be V, N = 34kHz, 5 V sine (f SAM pLiNG~ 102l<Hz ); ML2284 

V, N = 32 kHz, 5 V sine (f SA MPLiNG~95 kHz); ML2288 V, N = 30 kHz, 5 V sine (f SA MPLiNG~89 kHz). 

Note 13: Since data, MSB first, is the output of the comparator used in the successive approximation loop, an additional delay is built in (see 

Block Diagram) to allow for comparator response time. 
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Figure 1. High Impedance Test Circuits and Waveforms 
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ML2281 Timing 
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Figure 2. Timing Diagrams (Continued) 
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ML2288 Timing 
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Figure 2. Timing Diagrams (Continued) 
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Figure 4. Linearity Error vs V R ef Voltage 



Figure 5. U nad justed Offset Error vs V REF Voltage 




•SOME OF THESE FUNCTIONS/ PINS ARE NOT AVAILABLE WITH OTHER OPTIONS. 

NOTE 1: FOR THE ML2284 Dl IS INPUT DIRECTLY TO THE D INPUT OF SELECT 1. SELECT IS FORCED TO A "1". FOR THE ML2282, Dl IS INPUT DIRECTLY TO THE D 

INPUT OF ODD/SIGN. SELECT IS FORCED TO A "1" AND SELECT 1 1S FORCED TO A"0". 



Figure 6. ML2288 Functional Block Diagram 
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1.0 FUNCTIONAL DESCRIPTION 

1.1 Multiplexer Addressing 

The design of these converters utilizes a sample data compar- 
ator structure which provides for a differential analog input to 
be converted by a successive approximation routine. 

The actual voltage converted is always the difference be- 
tween an assigned "+" input terminal and a "-" input ter- 
minal. The polarity of each input terminal of the pair being 
converted indicates which line the converter expects to be 
the most positive. If the assigned "+" input is less than the 
"-" input, the converter responds with an all zeros output 
code. 

A unique input multiplexing scheme has been utilized to 
provide multiple analog channels with software configurable 
single ended, differential, or pseudo differential options. The 
pseudo differential option will convert the difference be- 
tween the voltage at any analog input and a common termi- 
nal. One converter package can now accomodate ground 
referenced inputs and true differential inputs as well as signals 
with some arbitrary reference voltage. 

A particular input configuration is assigned during the MUX 
addressing sequence, prior to the start of a conversion. The 
MUX address selects which of the analog inputs are to be 
enabled and whether this input is single ended or differential. 
In the differential case, it also assigns the polarity of the ana- 
log channels. Differential inputs are restricted to adjacent 
channel pairs. For example, channel and channel 1 may be 
selected as a different pair but channel or channel 1 cannot 
act differentially with any other channel. In addition to select- 
ing the differential mode, the sign may also be selected. 
Channel may be selected as the positive input and channel 
1 as the negative input or vice versa. This programmability is 
illustrated by the MUX addressing codes shown in 7a6/es 7, 2, 
and 3. 

The MUX address is s< ' ^to the converter via the Dl 

input. Since the ML2281 contains only one differential input 
channel with a fixed polarity assignment, it does not require 
addressing. 

The common input line on the ML2288 can be used as a 
pseudo differential input. In this mode, the voltage on the 
COM pin is treated as the " - " input for any of the other 
input channels. This voltage does not have to be analog 
ground; it can be any reference potential which is common 
to all of the inputs. This feature is most useful in single supply 
applications where the analog circuitry may be biased at a 
potential other than ground and the output signals are all 
referred to this potential. 

Since the input configuration is under software control, it can 
be modified, as required, at each conversion. A channel can 
be treated as a single-ended, ground referenced input for one 
conversion; then it can be reconfigured as part of a differen- 
tial channel for another conversion. Figure 7 illustrates these 
different input modes. 



Table 1. ML2288 MUX Addressing 8 Single-Ended or 4 
Differential Channels 

Single-Ended MUX Mode 



MUX Address 


Analog Single-Ended Channel # 


SGL/ 
DIF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


4 


5 


6 


7 


COM 


1 
















+ 
















- 










1 






+ 












- 







1 













+ 








- 







1 


1 














+ 




- 




1 










+ 














- 




1 





1 








+ 










- 




1 


1 















+ 






- 




1 


1 


1 
















+ 


- 



Differential MUX Mode 



MUX Address 


Analog Differential Channel-Pair # 


SGL/ 
DIF 


ODD/ 

SIGN 


SELECT 





1 


2 


3 


1 








1 


2 


3 


4 


5 


6 


7 














+ 


- 























1 






+ 


- 
















1 













+ 


- 












1 


1 














+ 


- 





1 








- 


+ 

















1 





1 






- 


+ 













1 


1 













- 


+ 









1 


1 


1 














- 


+ 



Table 2. ML2284 MUX Addressing 4 Single-Ended or 2 
Differential Channel 

Single-Ended MUX Mode 



MUX Address 


Channel # 


SGL/ 
DIF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


1 


1 








+ 








1 





1 






+ 




1 


1 







+ 






1 


1 


1 








+ 




Differential /V 


COM is internally tied to A GND 
UXMode 


MUX Address 


Channel # 


SGL/ 
DIF 


ODD/ 
SIGN 


SELECT 





1 


2 


3 


1 











+ 


- 












1 






+ 


- 





1 





- 


+ 









1 


1 






- 


+ 
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Table 3. ML2282 MUX Addressing 2 Single-Ended or 1 
Differential Channel 

Single-Ended MUX Mode 



MUX Address 


Channel # 


SGL/DIF 


ODD/SIGN 





1 


1 





+ 




1 


1 




+ 


COM is internally tied to GND 
Differential MUX Mode 


MUX Address 


Channel # 


SGL/DlF 


ODD/SIGN 





1 








+ 


- 





1 


- 


+ 



8 Single-Ended 



8 Pseudo-Differential 






+ 


1 — 


+ 


2 


+ 


3 


+ 


4 


+ 


5 


+ 


6 


+ 


7 


+ 




COM(-) 



Vbias 






+ 


1 


+ 


2 


+ 


3 


+ 


4 


+ 


5 


+ 


6 


+ 


7 


+ 


[+ 


COM(-) 



4 Differential 



Mixed Mode 



0,1 
2,3 
4,5 
6,7 



/ 


+ 


„,,(_ 


- 


2,3 


+ 


4 


+ 


5 


+ 


6 


+ 


7 


+ 




COM(-) 



Vbias - 



1.2 Digital Interface 

The block diagram and timing diagrams in Figures 2-5 illus- 
trate how a conversion sequence is performed. 

A conversion is initiated when CS is pulsed low. This line 
must be held low for the entire conversion. The converter is 
now waiting for a start bit and its MUX assignment word. 

A clock is applied to the CLK input. On each rising edge of 
the clock, the data on Dl is clocked into the MUX address 
shift register. The start bit is the first logic "1" that appears on 
the Dl input (all leading edge zeros are ignored). After the 
start bit, the device clocks in the next 2 to 4 bits for the MUX 
assignment word. 

When the start bit has been shifted into the start location of 
the MUX register, the input channel has been assigned and a 
conversion is about to begin. An interval of V2 clock period is 
used for sample & hold settling through the selected MUX 
channels. The SAR status output goes high at this time to 
signal that a conversion is now in progress and the Dl input is 
ignored. 

The DO output comes out of High impedance and provides 
a leading zero for this one clock period. 

When the conversion begins, the output of the comparator, 
which indicates whether the analog input is greater than or 
less than each successive voltage from the internal DAC, 
appears at the DO output on each falling edge of the clock. 
This data is the result of the conversion being shifted out 
(with MSB coming first) and can be read by external logic or 
jiP immediately. 

After 8 clock periods, the conversion is completed. The SAR 
status line returns low to indicate this V2 clock cycle later. 

The serial data is always shifted out MSB first during the con- 
version. After the conversion has been completed, the data 
can be s_hifted out a second time with LSB first, depending on 
level of SE input. For the case of ML2288, if SE=1,thedatais 
shifted out MSB first during the conversion only. If SE is 
brought low before the end of conversion (which is signalled 
by the high to low transition of SARS), the data is shifted out 
again immediately after the end of conversion; this time LSB 
first. If SE is brought low after end of conversion,_the LSB first 
data is shifted out on faNing edges of clock after SE goes low. 
For ML2282 and 2284, SE is internally tied low, so data is 
shifted out MSB first, then shifted out a second time LSB first 
at end of conversion. For ML2281, SE is internally tied high, 
so data is shifted out only once MSB first. 

All internal registers are cleared_when the CS input is high. If 
another conversion is desired, CS must make a high to low 
transition followed by address information. 

The Dl input and DO output can be tied together and con- 
trolled through a bidirectional \i? I/O bit with one connec- 
tion. This is possible because the Dl input is only latched in 
during the MUX addressing interval while the DO output is 
still in the high impedance state. 



Figure 7. Analog Input Multiplexer Functional 
Options for ML2288 
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1.3 Reference 

The voltage applied to the reference input to these converters 
defines the voltage span of the analog input (the difference 
between ViNmax and V|Nmin) over which the 256 possible 
output codes apply. The devices can be used in either ra- 
tiometric applications or in systems requiring absolute accu- 
racy. The reference pin must be connected to a voltage 
source capable of driving the reference input resistance, 
typically 10 k. This pin is the top of a resistor divider string 
used for the successive approximation conversion. 

In a ratiometric system, the analog input voltage is propor- 
tional to the voltage used for the A/D reference. This voltage 
is typically the system power supply, so the Vref pin can be 
tied to Vcc- This technique relaxes the stability requirements 
of the system reference as the analog input and A/D refer- 
ence move together maintaining the same output code for a 
given input condition. 

For absolute accuracy, where the analog input varies be- 
tween specific voltage limits, the reference pin can be biased 
with a time and temperature stable voltage source. 

The maximum value of the reference is limited to the Vcc 
supply voltage. The minimum value, however, can be quite 
small to allow direct conversion of inputs with less than 5 
volts of voltage span. Particular care must be taken with re- 
gard to noise pickup, circuit layout and system error voltage 
sources when operating with a reduced span due to the 
increased sensitivity of the converter. 

1.4 Analog Inputs and Sample/ Hold 

An important feature of the ML2281 family of devices is that 
they can be located at the source of the analog signal and 
then communicate with a controlling \i? with just a few 
wires. This avoids bussing the analog inputs long distances 
and thus reduces noise pickup on these analog lines. How- 
ever, in some cases, the analog inputs have a large common 
mode voltage or even some noise present along with the 
valid analog signal. 

The differential input of these converters reduces the effects 
of common mode input noise. Thus, if a common mode 
voltage is present on both "+" and "-" inputs, such as 
60 Hz, the converter will reject this common mode voltage 
since it only converts the difference between "+" and "-" 
inputs. 

The ML2281 family have a true sample and hold circuit 
which samples both "+" and "-" inputs simultaneously. 
This simultaneous sampling with a true S/H will give com- 
mon mode rejection and AC linearity performance that is 
superior to devices where the two input terminals are not 
sampled at the same instant and where true sample and hold 
capability does not exist. Thus, the ML2281 family of devices 
can reject AC common mode signals from DC-50kHz as well 
as maintain linearity for signals from DC-50kHz. 

The signal at the analog input is sampled during the interval 
when the sampling switch is closed prior to conversion start. 
The sampling window (S/H acquisition time) is V2 CLK per- 
iod wide and occurs V2 CLK period before DO goes from 
high impedance to active low state. When the sampling 
switch closes at the start of the S/H acquisition time, 8 pF of 



capacitance is thrown onto the analog input. V2 CLK period 
later, the sampling switch is opened and the signal present at 
the analog input is stored. Any error on the analog input at 
the end of the S/H acquisition time will cause additional 
conversion error. Care should be taken to allow adequate 
charging or settling time from the source. If more charging or 
settling time is needed to reduce these analog input errors, a 
longer CLK period can be used. 

The ML2281X family has improved latchup immunity. Each 
analog input has dual diodes to the supply rails, and a mini- 
mum of +/ - 25 mA (+/ - 100mA typically) can be injected 
into each analog input without causing latchup. 

1.5 Dynamic Performance 
Signal-to-Noise-Ratio 

Signal-to-noise ratio (SNR) is the measured signal-to-noise at 
the output of the converter. The signal is the RMS magnitude 
of the fundamental. Noise is the RMS sum of all the nonfun- 
damental signals up to half the sampling frequency. SNR is 
dependent on the number of quantization levels used in the 
digitization process; the more levels, the smaller the quanti- 
zation noise. The theoretical SNR for a sine wave is given by 

SNR-(6.02N+1.76)dB 

where N is the number of bits. Thus for ideal 8-bit converter, 
SNR=49.92dB. 

Harmonic Distortion 

Harmonic distortion is the ratio of the RMS sum of harmonics 
to the fundamental. Total harmonic distortion (THD) of the 
ML2281 Series is defined as 



20 log 



(V 2 2 + V 3 2+V 4 2+V 5 2)V2 



where Vj is the RMS amplitude of the fundamental and V 2 , 
V3, V 4 , V 5 are the RMS amplitudes of the individual 
harmonics. 

Intermodulation Distortion 

With inputs consisting of sine waves at two frequencies, f A 
and f B , any active device with nonlinearities will create distor- 
tion products, of order (m +n), at sum and difference frequen- 
cies of mf A +nf B , where m, n=0, 1, 2, 3,... . Intermodulation 
terms are those for which m or n is not equal to zero. The 
(IMD) intermodulation distortion specification includes the 
second order terms (fA+fB) and 0a - fa) and the third order 
terms (2f A +f B ), (2f A -f B ) / (f A +2f B ) and (f A -2f B ) only. 

1.6 Zero Error Adjustment 

The zero of the A/D does not require adjustment. If the mini- 
mum analog input voltage value, ViNmin is not ground, a 
zero offset can be done. The converter can be made to out- 
put 00000000 digital code for this minimum input voltage by 
biasing any Vim - input at this V| N min value. This utilizes the 
differential mode operation of the A/D. 
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The zero error of the A/ D converter relates to the location of 
the first riser of the transfer function and can be measured by 
grounding the Vin - input and applying a small magnitude 
positive voltage to the Vin + input. Zero error is the difference 
between the actual DC input voltage which is necessary to 
just cause an output digital code transition from 00000000 to 
00000001 and the ideal V2 LSB value (V2 LSB = 9.8mVfor 
V REF =5.000V DC ). 

1.7 Full-Scale Adjustment 

The full-scale adjustment can be made by applying a differen- 
tial input voltage which is IV2 LSB down from the desired 
analog full-scale voltage range and then adjusting the magni- 
tude of the Vref input or Vcc for a digital output code which 
is just changing from 11111110 to 11111111 . 

1.8 Adjustment for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the A/ D is shifted away from 
ground (for example, to accommodate an analog input signal 
which does not go to ground), this new zero reference should 
be properly adjusted first. A V| N + voltage which equals this 
desired zero reference plus V2 LSB (where the LSB is calcu- 
lated for the desired analog span, 1 LSB = analog span/ 256) is 
applied to selected " +" input and the zero reference voltage 
at the corresponding "-" input should then be adjusted to 
just obtain the 00000000 to 00000001 code transition. 

The full-scale adjustment should be made by forcing a 
voltage to the Vin + input which is given by: 

V| N + fs adjust- Vmax-1.5*[(Vmax-Vmin)/256] 
where Vmax = high end of the analog input range 

Vmin = low end (offset zero) of the analog range 
The V RE f or V<x voltage is then adjusted to provide a code 
change from 11111110 to 11111111. 

1.9 Shunt Regulator 

A unique feature of ML2288 and ML2284 is the inclusion of a 
shunt regulator connected from V + terminal to ground 
which also connects to the V<x terminal (which is the actual 
converter supply) through a silicon diode as shown in Figure 
8. When the regulator is turned on, the V+ voltage is 
clamped at 11 V B e set by the internal resistor ratio. The typical 
l-V curve of the shunt regulator is shown in Figure 9. It should 
be noted that before V + voltage is high enough to turn on 
the shunt regulator (which occurs at about 5.5 V), 35 kQ of 
resistance is observed between V+ and GND. When the 
shunt regulator is not used, V+ pin should be either left float- 
ing or tied to GND. The temperature coefficient of the regula- 
tor is -22 mV/°C. 




Figure 8. Shunt Regulator 




Figure 9. I-V Characteristic of the 
Shunt Regulator 
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2.0 APPLICATIONS 



8051 Interface and Controlling Software 



>^ 



cs 

CLK 

J 
Dl 

DO 



Mnemonic 


Instruction 


START 


ANL 


P1,#0F7H 


;SELECTA/D 
(CS =0) 




MOV 


B,#5 


;BITCOUNTER«-5 




MOV 


A, #ADDR 


;A *- MUX BIT 


LOOP1: 


RRC 


A 


;CY - ADDRESS BIT 




JC 


ONE 


;TEST BIT 
;BIT=0 


ZERO: 


ANL 


PI, #0FEH 


;DI*-0 




SJMP 


CONT 


;CONTINUE 
;BIT=1 


ONE: 


ORL 


PI, #1 


;D1 *- 1 


CONT: 


ACALL 


PULSE 


;PULSESK0-^1-*0 




DJNZ 


B,LOOP1 


CONTINUE UNTIL 
DONE 




ACALL 


PULSE 


;EXTRA CLOCK FOR 

SYNC 




MOV 


B,#8 


;BITCOUNTER«-8 


LOOP 2: 


ACALL 


PULSE 


;PULSESK0-1-*0 




MOV 


A, PI 


;CY «- DO 




RRC 


A 






RRC 


A 






MOV 


A,C 


;A - RESULT 




RLC 


A 


;A(0)«- BIT AND SHIFT 




MOV 


C,A 


;C - RESULT 




DJNZ 


B, LOOP 2 


;CONTINUE UNTIL 
DONE 


RETI 






;PULSE SUBROUTINE 


PULSE: 


ORL 


P1,#04 


;SK«-1 




NOP 




;DELAY 




ANL 


P1,#0FBH 


;SK*-0 




RET 
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APPLICATIONS (Continued) 



ML2288 ''Stand-Alone" or Evaluation Circuit 

MUX ADDRESS 



rx 



J~-r. 



►51k (4) 



i 



t 05Voc 

START BIT 



i 



i 



1 



CLOSE TO 

START THE 

A/ D CONVERSION 




PARALLEL INPUTS 



INPUT SHIFT REGISTER 
74HC165 



SCL/ DIF 



m. 



GND_ 
DO 



7 
-ONC 



V C C 



5Vdc 



1k (8) 

7 |6 |5 |4 



1/8 Vcc 



3 2 1 



ANALOG INPUTS 
ML2288 



AGND DGND 



COM 
Dl 



Vcc 



12 Jii ^0 J9 " 



1 



5Vdc 



►51k 



Vcc 



OUTPUT SHIFT REGISTER 
74HC164 



QA 



Y 



IOmF 



rtr 



J~ lifJ 'tint 2kV ~iint - A ifJ ±/J - A i/J ±/J 



rosvoc 



Low-Cost Remote Temperature Sensor /F Y9 C v 

(5Vdc) 

o 



LM335 J f 



r^xxz: 



"1 



iok L 

T A MIN^4- 

'1 



ADJ. 



Vin(+) v C c 



Vin(-) Vref 



^10fiF 



JOk 

-►^TaMAX 

TADJ. 



-►|t a 

1 AI 
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APPLICATIONS (Continued) 

Obtaining 9-Bit Resolution 



Vcc- 



H 



>2.5V <2.5V 



tin ^** 



CONTROLLER PERFORMS A ROUTINE TO DETERMINE WHICH 

INPUT POLARITY PROVIDES A NON-ZERO OUTPUT CODE. 

THIS INFORMATION PROVIDES THE EXTRA BITS. 



Protecting the Input 



Vcc 

(5Vdc) 
O 



15Vdc 
OP 
AMP 600 Q 




V|N<+) Vcc 



Vin(-) 



■ZZWyf 



DIODE CLAMPING IS NOT NEEDED 
IF CURRENT IS LIMITED TO 25mA 



Vcc 01S 

(5Vdc)° 



Digitizing a Current Flow 

lLOAD (2A FULL-SCALE) 



100Q 

ZERO£«- 
ADJ. 



V|N(-) v cc 



V| N (+) Vref 



Vcc 

?(5Vdc) 



;±:10 m f 



LOAD 



>lk 



2 



9.1k 






**FS 

JADJ. 



5 f LM336 



Operating with Ratiometric Transducers 



Span Adjust: V < V IN < 3 V 




*V, N (-)=0.15Vcc 

15% OF Vcc < V X DR < 85% OF V C C 



VCC 

(5Vdc) 

9 




r 



V|N(+) Vcc 



Vin(-) Vref 



:i0pF 



10k L 

AD/.1 
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APPLICATIONS (Continued) 

Zero-Shift and Span Adjust: 2 V < V !N < 5 V 



Digital Load Cell 



v C c 

(5Vdc) 
Q 



V|N 




SETS ZERO 
CODE VOLTAGE 



V|N(+) V C C 



V|N(-) Vref 



330 



1k 

2.7k S 2VdC 
[ZERO ADJ. 



CT 



*1k y\A 

\ y r sets 

^JV^V VOLTAGE SPAN 

+ ^ 




+ r— i STRAIN GAUGE ~l V\, 

I r dual 




10V dr 



• USES ONE MORE WIRE THAN LOAD CELL ITSELF 

• TWO MINI-DIPS COULD BE MOUNTED INSIDE LOAD CELL 
FOR DIGITAL OUTPUT TRANSDUCER 

• ELECTRONIC OFFSET AND GAIN TRIMS RELAX MECHANICAL 
SPECS FOR GAUGE FACTOR AND OFFSET 

• LOW LEVEL CELL OUTPUT IS CONVERTED IMMEDIATELY FOR 
HIGH NOISE IMMUNITY 



Convert 8 Thermocouples with only One Cold-Junction Compensator 



<- 



TYPE J 



PR- 



-tP=t 







88.2 k 




V C C 



_L*REF 



-Vcc 



► SERIAL I/O 




j£LM385 



USES THE PSEUDO-DIFFERENTIAL MODE TO KEEP THE DIFFER- 
ENTIAL INPUTS CONSTANT 
WITH CHANGES IN REFERENCE TEMPERATURE (Tref). 
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APPLICATIONS (Continued) 



4mA-20mA Current Loop Converter 



4mA-20mA 1 f 1N4148 






LM385-2.5v]jE 



£24 >6.2<200 



5k£«- 



100k = 50kHz 



4=1000pF 



Vcc 

+IN CLK 



ML2281 _ 

-IN CS 



Vref DO 

GND 



£47>3.9>300 
fk >k >k 



INP V C c 

CD4024 
V 5 

^=50pF 

100k 

-* — W — I 



6N139 
OPTO COUPLER 



6*1? 



-Wv— Vcc 



• ALL POWER SUPPLIED BY LOOP 

• 1500 V ISOLATION AT OUTPUT 



-V + 
-Vo 
-GND 



Isolated Data Converter 




TRANSFORMER 1N4148 
TRW-TC-SSD-32 ^. 



+- Vcc OUT 



10 k 
CLK-^SAAr-t: 2N2222 



i 470 
1 — VW — i 




10k "^ L40_ 

S2N2222 




10 k 
Dl— AA/v-IC 2N2222 




" 6N139 HIGH GAIN 
OPTOCOUPLER 



• NO POWER REQUIRED REMOTELY 

• 1500V ISOLATION 
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£> 



o«- 



Z- «h<H 



LOAD B( 

COUNT 
A B C D DOWN 



? 



L- S Q 



D Q 



D Qh 



U 



TMS320 
SERIES 



D Q 



^£> 



FSR 
CLK 



SAMPLING RATE 111kHz, DATA RATE 1.33 MHz 



START / \ / \ 

° \ / \_ 



\ 



f 



tGXEXEXZX»X»XIX»3- 



Interfacing ML2281 to TMS320 Series 
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ORDERING INFORMATION 



PART NUMBER 



ALTERNATE 
PART NUMBER 



TOTAL 
UNADJUSTED ERROR 



TEMPERATURE 
RANGE 



PACKAGE 



SINGLE ANALOG INPUT, 8-PIN PACKAGE 



ML2281BMJ 

ML2281BIJ 

ML2281BCP 

ML2281CIJ 

ML2281CCP 



ADC0831BJ 

ADC0831BCJ 

ADC0831BCN 

ADC0831CCJ 

ADC0831CCN 



:V2LSB 



±1LSB 



-55°Cto+125°C 
-40°Cto+85°C 

0° to +70°C 

-40°Cto+85°C 

0°Cto+70°C 



HERMETIC DIP 008) 
HERMETIC DIP (J08) 
MOLDED DIP (P08) 
HERMETIC DIP (J08) 
MOLDED DIP (P08) 



TWO ANALOG INPUTS, 8-PIN PACKAGE 



ML2282BMJ 

ML2282BIJ 

ML2282BCP 

ML2282CIJ 

ML2282CCP 



ADC0832BJ 

ADC0832BCJ 

ADC0832BCN 

ADC0832CCJ 

ADC0832CCN 



±V2 LSB 



±1LSB 



-55°Cto+125°C 
-40°Cto+85°C 

0°Cto+70°C 
-40°Cto+85°C 

0°Cto+70°C 



HERMETIC DIP (J08) 
HERMETIC DIP (J08) 
MOLDED DIP (P08) 
HERMETIC DIP (J08) 
MOLDED DIP (P08) 



FOUR ANALOG INPUTS, 14-PIN PACKAGE 



ML2284BMJ 

ML2284BIJ 

ML2284BCP 

ML2284CIJ 

ML2284CCP 



ADC0834BJ 

ADC0834BCJ 

ADC0834BCN 

ADC0834CCJ 

ADC0834CCN 



±1/2 LSB 



:1LSB 



-55°Cto+125°C 
~40°Cto+85°C 

0° to +70°C 

~40°Cto+85°C 

0°Cto+70°C 



HERMETIC DIP (J14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 
HERMETIC DIP (J14) 
MOLDED DIP (P14) 



EIGHT ANALOG INPUTS, 20-PIN PACKAGE 



ML2288BMJ 


ADC0838BJ 


±V2LSB 


-55°Cto+85°C 


HERMETIC DIP (J20) 


ML2288BIJ 


ADC0838BCJ 




-40°Cto+85°C 


HERMETIC DIP (J20) 


ML2288BCP 


ADC0838BCN 




0°Cto+70°C 


MOLDED DIP (P20) 


ML2288BCQ 


ADC0838BCV 




0°Cto+70°C 


MOLDED PCC (Q20) 


ML2288CIJ 


ADC0838CCJ 


±1LSB 


-40°Cto+85°C 


HERMETIC DIP (J20) 


ML2288CCP 


ADC0838CCN 




0°Cto+70°C 


MOLDED DIP (P20) 


ML2288CCQ 


ADC0838CCV 




0°Cto+70°C 


MOLDED PCC (Q20) 
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Selectable Dual 3V/3.3V/5V 8-Bit DACs 



GENERAL DESCRIPTION 

The ML2330 Selectable Dual 3V/3.3V/5V 8-bit DACs are 
dual voltage-output digital-to-analog converters which 
can be independently programmed or powered down to 
conserve power. The devices are intended for use in 
portable or low power 3V systems where space is critical. 

Programming access to the DACs is provided over a high 
speed (10Mb/s), 3-wire serial interface which is 
compatible to the SPI™ and Microwire™ In addition to 
independent programming of the DAC output voltages, 
each device may be powered down independent of the 
other DAC to conserve power. Each DAC draws 2mA of 
maximum quiescent current when operating, and typically 
less than 1 llA when powered down. 

The device comes in an 8-pin SOIC package and in a 
special Extended Commercial temperature range 
(-20°C to 70°C). 



FEATURES 

■ 3V±10%, 3.3 ±10% or 5V±10% operation 

■ Low supply current (4mA max) 

■ Individual and full power down (down to 1 uA) 

■ 1 0Mb/s three-wire serial interface, compatible to SPI 
and Microwire 

■ 8-pin SOIC packages 

■ Available in Extended Commercial Temperature range 
(-20°C to 70°C) 



SPI is a trademark of Motorola. 

Microwire is a trademark of National Semiconductor. 



BLOCK DIAGRAM 



k 



SCLK" 



D| N - 



DoUT-«- 



CONTROL 

AND 

TIMING 





GND 
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PIN CONFIGURATION 





ML2330 




8-Pin SOIC (S08N) 


Din C 

Set* C 

cs [Z 

DOUT C 


1 8 

2 7 

3 6 

4 5 


Zl OUTA 

Z3 OUTB 

Zl CND 




TOP VIEW 





PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 


Din 


Data In 


2 


SCLK 


Serial Clock 


3 


CS 


Chip Select 


4 


d out 


Data Out 


5 


GND 


Ground 


6 


OUTB 


Output of DAC B 


7 


OUTA 


Output of DAC A 


8 


Vcc 


Positive Supply 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (V cc ) 6.0V 

GND -0.3V to V cc + 0.3V 

Logic Inputs -0.3V to V C c + 0.3V 

Input Current per Pin ±25mA 

Storage Temperature -65°C to 1 50°C 

Package Dissipation at T A = 25°C 750mW 

Lead Temperature (Soldering 10 sec.) 

SOIC 150°C 



OPERATING CONDITIONS 

Supply Voltage (V cc ) 2.7V to 5.5V 

Temperature Range -20°C < T A < 70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T MIN to T MAX/ V cc = 3.3V ±10%, F CLK = 1 0MHz R L = 1 K, C L = 1 0OpF 


PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Converter 


Resolution 






8 






bits 


Integral Linearity Error 


ILE 








±1 


LSB 


Differential Linearity Error 


DLE 








±1 


LSB 


Offset Error 






15 


20 


25 


mV 


Gain Error 










±3 


%FS 


Analog Output 


Output Drive Current 


loUTPP 


@00 & FF 


2 






mA 


Power Supply Rejection Ratio 


PSRR 


@00 & FF 


-40 






dB 


Digital and DC 


Logic Input Low 


V|L 








0.5 


V 


Logic Input High 


V,H 




2.0 






V 


Logic Input Low Current 


IlL 


V IN = GND 


-1 






^lA 


Logic Input High Current 


llH 


V, N = VCC 






1 


uA 


Logic Output Low 


Vol 


I = 3.2mA 






0.4 


V 


Logic Output High 


VOH 


I = 0.4mA 


2.4 






V 


Supply Current 


Ice 


R L = oo 




2.5 


4 


mA 


Power Down Current 




V cc = 3V 






1 


uA 




V C c = 5V 






5 


uA 


AC Performance 


Settling Time 


ts 


±1/2 LSB 




5 


10 


Us 


Slew Rate 








1.4 




V/us 


Crosstalk 






60 






dB 
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TIMING CHARACTERISTICS 

VCC = 3.3V ±10%, Q = 50pF, T^ = Tmin to Tmax> unless otherwise noted 


PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Converter 


CS Fall to S C lk 
Setup Time 


tcss 




20 






ns 


Sclk R' se to GS 
Rise Hold Time 


*CSH 




50 






ns 


Din to S C lk 
Rise Setup Time 


tDS 




20 






ns 


Din to S C lk 
Rise Hold Time 


tDH 




20 






ns 


Sclk Frequency 


fa-K 






10 




MHz 


Sclk Duty Cycle 






40 




60 


% 


S C lk to Dqut Valid 


*DO 






30 




ns 



ML2330 

Sclk 

Din 

Dout 

Cl 


2 


MICROWIRE 
PORT 

SK 

so 

SI 
I/O 


1 


4 


3 





ML2330 

Dout 

Din 

Sclk 

cs 


4 


SPI 
PORT 

MISO 
MOSI 
SCK 
I/O 


i 


2 


3 





Figure 1A. Connections for Microwire. 



Figure 1 B. Connections for SPI. 



Sclk 



jnjnjn_n__j~TJTjn_jajn_jnjn_j~L 



9^y^>(^yJD^B(^X^XE)GIXEXEXEX^)^M 



Dout* do )C^X A0 X pt X p0 X P7 X D6 X P5 X^X P3 X P2 X D1 "X po 

Dout* are the data front previous input. 



Figure 1C. Interface Timing 
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SCLK 




< tcSH ► 



/"A. 



DOUT 



IK 



Figure 2. Detail Interface Timing 



FUNCTIONAL DESCRIPTION 



SERIAL INTERFACE 

The ML2330 communicates with microprocessors through 
a synchronous, full-duplex, 3-wire interface (figure 1 A & 
B). At power on, the control registers are cleared and both 
DACs have high impedance outputs. Data timing shown 
in figure 1C is sent MSB first and can be transmitted in 
one 4-bit and one 8-bit packet or in one 1 2-bit word. If a 
1 6-bit control word is used, the first four bits are ignored. 
The serial clock (Sclk) synchronizes the data transfer. Data 
is transmitted and received simultaneously. Figure 2 shows 
detailed serial interface timing. Note that the clock should 
be low between updates. Dqut does not go into a high 
impedance state if the clock idles or CS is high. 

Serial data is clocked into the data registers in MSB-first 
format, with the address and configuration information 
preceding the actual DAC data. Data is sampled on the 
Sclk's rising edge while CS is low. Data at Dqut is 
clocked out 1 2.5 clock cycles later, on the Sclk' s falling 
edge. 

Chip select (CS) must be low to enable the read or write 
operation. If CS is high^the interface is disabled and Dqut 
remains unchanged. CS must go low at least 10ns before 
the first clock pulse to properly clock in the first bit. With 
CS low, data is clocked into the ML2330's internal shift 
register on the rising edge of the external serial clock. Sclk 
can be driven at rates up to 10MHz. 

SERIAL INPUT DATA FORMAT AND 
CONFIGURATION CODES 

The 12-bit serial input format shown in Figure 3 comprises 
two DAC address bits (A1 , A0), two power down control 
bits (P1 , P0) and eight bits of data (D7 . . . DO). 



The 4-bit address/control code configures the DAC as 
shown in Table 3. 



A1 


A0 


Function 








No operation 





1 


Select control bits and DAC A 


1 





Select control bits and DAC B 


1 


1 


Select control bits and both DACs 


Table 3.1 Address Selection 


P1 


P0 


Function 








Normal 





1 


Power down DAC A 


1 





Power down DAC B 


1 


1 


Power down entire chip 



DOUT ««- ] A1 A0 PI D7 . . . P0~f «— Dl N 

Figure 3. Serial Input Format 



Table 3.2 Power Down Selection 

DAC OPERATION 

The DACs are implemented using an array of equal 
current sources that are decoded linearly for the four most 
significant bits to improve differential linearity and to 
reduce output glitch around major carries. A voltage 
difference between on-board bandgap reference voltage 
and GND is converted to a reference current using an 
internal resistor to set up the appropriate current level in 
the DACs. The DACs output current is then converted to a 
voltage output by an output buffer and a resistive network. 
The matching among the on-chip resistors preserves the 
gain accuracy between these conversions. 
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VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2330. It is trimmed for Zero Temperature Coefficient at 
25°C to minimize output voltage drift over the specified 
operating temperature range. 

OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the DAC output current to a 
voltage output using a resistive network. The outputs can 
swing from GND +0.02V to either 2.02V (3V) or 4.02V 
(5V). The DAC transfer function is: 



VCC SUPPLY RANGE 

ML2330 can be operated at 3V ±10% (ML2330-2), 3.3V 
±10% (ML2330-3) or 5V±10% (ML2330-5). 

POWER DOWN MODE 

There are three power down modes in the ML2330. By 
clearing the control bits P1-P0 (Table 3.2), the entire chip 
will be powered down with a supply current less than 
5\iA. Individual DACs can also be powered down to save 
power. 



Vout = Kx o P ^ TA +0.02 

where K = 2 if V cc = 3V and K = 4 if V cc = 5V 

In the 3V operation, the amplifier outputs will settle to 
1/2LSB in 10u.s when loads are greater than 1 KQ (2KQ for 
5V operation) and capacitive loads smaller than 100pF. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML2330ES 


-20°C to +70°C 


8-PIN SOIC (S08N) 
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Single Supply, Programmable 
8-Bit D/A Converters 



GENERAL DESCRIPTION 

The ML2340 and ML2350 are CMOS voltage output, 8-bit 
D/A converters with an internal voltage reference and a 
\i? interface. These devices are designed to be powered 
by a single supply, although they can be powered from 
dual power supplies. The output voltage swings above 
zero scale (Vzs) in the unipolar mode or around zero scale 
(Vzs) in the bipolar mode, both with programmable gain. 
Vzs can De set to any voltage from AGND to 2.25V below 
V C c- The digital and analog grounds, DGND and AGND, 
are totally independent of each other. DGND can be set to 
any voltage from AGND to 4.5V below Vcc for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the ML2340 
and ML2350 makes them ideal for a wide range of 
applications in hard disk drives, automotive, telecom, and 
a variety of general purpose industrial. One specific 
intended application is controlling a hard disk voice coil. 

The internal reference of the ML2340 provides a 2.25V or 
4.50V output for use with A/D converters that use a single 
5V ±1 0% power supply, while the ML2350 provide a 
2.50V or 5.00V reference output. 



FEATURES 

■ Programmable output voltage gain settings of 2, 1 , 

V2, 1 A provide 8-, 9-, 10-, or 11 -bit effective resolution 
around zero 

■ AGND to Vcc output voltage swing 

■ Bipolar or unipolar output voltage 

■ 4.5V to 1 3.2V single supply or ±2.25V to ±6.5V 
dual-supply operation 

■ Transparent latch allows microprocessor interface 
with 30ns setup time 

■ Data flow through mode 

■ Voltage reference output 

ML2340 2.25V or 4.50V 

ML2350 2.50V or 5.00V 

■ Nonlinearity ± 1 A LSB or± 1 / 2 LSB 

■ Output voltage settling time over temperature and 
supply voltage tolerance 

Within 1 V of V C c and AGND 2.5u.s max 

Within 1 0OmV of V C c and AGND 5|is max 

■ TTL and CMOS compatible digital inputs 

■ Low supply current (5V supply) 5mA max 

■ 1 8-pin DIP or surface mount SOIC 

■ Operating temperature range of 0°C to +70°C, -40°C to 
+85°C, and -55°C to +1 25°C 



BLOCK DIAGRAM 



PIN CONNECTIONS 



Vrefout 



O 1 Vref I 



VZS Vcc AGND 

? ? ? 



Vrefin o- 



8-BIT D/A 



6 DB0 
XFER (LSB) 



TXnXHX 



DB7 

(MSB) 




OP 
AMR, 



RESISTORS 
SWITCHES 
DECODERS 



5VouT 



TT 

GAIN GAIN 1 



ML2340 

ML2350 

18-Pin DIP (P1 8) 



v C c[ 1 

V0UT[ 2 
V Z S[ 3 
AGND[ 4 
DGND[ 5 
DB0[ 6 
DB1[ 7 
DB2[ 8 
DB3[ 9 



T7" 



10 ] Vref in 

11 H Vref out 

12 ]GAIN1 

13 ]GAIN0 

14 ]XFER 

15 ]DB7 

16 ]DB6 

17 ]DB5 

18 ]DB4 



ML2340 

ML2350 

18-Pin SOIC (S18W) 



in Vref in 

3D Vref OUT 
IDGAIN 1 
ID GAIN 
3D XFER 
IDDB7 
IE1DB6 
3DDB5 
3DDB4 



vcc or 


1 


10 


Voutdi 


2 


11 


Vzsnr 


3 


12 


AGNDnr 


4 


13 


DGNDOE 


5 


14 


DB0HC 


6 


15 


DB10E 


7 


16 


DB2DT 


8 


17 


DB3HE 


9 


18 
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PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



1 V<x Positive supply. 

2 Vqut Voltage output of the D/A converter. 

Vqut is referenced to Vzs- 

3 Vzs Zero Scale Voltage. Vqut ' s referenced 

to Vzs- V^s is normally tied to AGND 
in the unipolar mode or to mid-supply 
in the bipolar mode. When the device 
is operated from a single power 
supply, V^s has a maximum current 
requirement of-300jnA in the bipolar 
mode. 

4 AGND Analog ground. 

5 DGND Digital ground. This is the ground 

reference level for all digital inputs. 
The range is AGND < (V cc - 4.5V). 
DGND is normally tied to system 
ground. 

6 DBO Data input — Bit O(LSB). 

7 DB1 Data input — Bit 1. 



PIN# 


NAME 


FUNCTION 


8 


DB2 


Data input — Bit 2. 


9 


DB3 


Data input — Bit 3. 


10 


DB4 


Data input — Bit 4. 


11 


DB5 


Data input — Bit 5. 


12 


DB6 


Data input — Bit 6. 


13 


DB7 


Data input— Bit 7 (MSB). 


14 


XFER 


Transfer enable input. The data is 
transferred into the transparent latch at 
the high level of XFER. 


15 


GAINO 


Digital gain setting input 0. 


16 


GAIN 1 


Digital gain setting input 1 . 


17 


Vref out 


Voltage reference output. Vr EF out " s 
referenced to AGND. Vref out is set 
to 2.5V and 5.0V in a low-voltage and 
high-voltage operation, respectively 
for the ML2350; 2.25V and 4.5V for 
the ML2340. 



18 Vref in 



Voltage reference input. V REF (N is 
referenced to AGND. 



ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltage V cc with Respect to AGND 1 4.2V 

DGND -0.3V to V CC + 0.3V 

Vzs, V REF , N -0.3V to V cc + 0.3V 

Logic Inputs -0.3V to V C c + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +1 50°C 

Package Dissipation at T A = 25°C (Board Mount) ...875mW 
Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Small Outline IC Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

(Notel) 

Supply Voltage, V C c 4.5V DC to 1 3.2V DC 

Temperature Range (Note 3) T M!N < T A < T MAX 

ML2340BMJ, ML2340CMJ 

ML2350BMJ, ML2350CMJ -55°C to +125°C 

ML2340BIJ, ML2350BIJ -40°C to +85°C 

ML2340BCP, ML2340CCP 

ML2350BCP, ML2350CCP 

ML2340BCS, ML2340CCS 

ML2350BCS, ML2350CCS 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T M!N to T MAX/ V cc - AGND = 5V ±10% and 1 2V ±1 0%, V REF jN for ML2340 = 2.25V 
and 4.50V, for ML2350 V REF )N = 2.50V and 5.00V, Vqut load is R L = 1 K and C L = 100pF, V REF load is R L = 1 K and 
Cl = 1 0OpF and input control signals with t R = t F < 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2340XCX, ML2350XCX 



MIN 



TYP 
(NOTE 4) 



MAX 



ML2340XIX, ML2350XMX 
ML2350XIX, ML2350XMX 



MIN 



TYP 
(NOTE 4) 



MAX 



Converter and Programmable Gain Amplifier 



Reference 



UNITS 



Converter Resolution 


5 




8 






8 






Bits 


Integral Linearity Error 
ML2340BXX, ML2350BXX 
ML2340CXX, ML2350CXX 


5 


GAIN = 2, 1, y 2 , or 1 A 






±74 
±72 






±74 
±72 


LSB 
LSB 


Differential Linearity Error 
ML2340BXX, ML2350BXX 
ML2340CXX, ML2350CXX 


5 


GAIN = 2, 1,y 2 , or'A 






±74 
±72 






±74 
±72 


LSB 
LSB 


Mode Select 
Unipolar Output 
Bipolar Output 


5 


Vzs with respect to AGND 



1.50 




1.0 
Vcc-2.25 



1.50 




1.0 
Vcc-2.25 


V 
V 


Offset Error 
Unipolar Mode 


5 


Figure 1 

GAIN = 1 A, V2, 1 

GAIN = 2 






±10 
±20 






±12 
±24 


mV 
mV 


Bipolar Mode 


5 


Figure 1 

GAIN = 74,72, 1,2 






±10 plus 
±272 LSB 






±10 plus 
±272 LSB 


mV 


Gain Error 
Unipolar Mode 
Bipolar Mode 


5 


Figure 1 

GAIN = 74, 72, 1,2 
GAIN = 74, 72, 1,2 




±0.5 
±0.5 


±2 
±2 




±0.5 
±0.5 


±2.5 
±2.5 


%FS 
%FS 



Vref out Voltage 
ML2340BXX 


5 


V CC ^ 7.0V T A = 25°C 
Tmin to T MAX 


2.23 
2.22 


2.25 


2.27 
2.28 


2.23 
2.18 


2.25 


2.27 
2.32 


V 
V 




V CC >8.0V T A = 25°C 
Tmin to T MA x 


4.48 
4.46 


4.50 


4.52 
4.54 


4.48 
4.43 


4.50 


4.52 
4.57 


V 
V 


ML2340CXX 


V CC ^ 7.0V T A = 25°C 
Tmin to T MAX 


2.22 
2.20 


2.25 


2.29 
2.30 


2.22 
2.18 


2.25 


2.28 
2.32 


V 
V 




V CC > 8.0V T A = 25°C 
t min to T MAX 


4.45 
4.40 


4.50 


4.55 
4.60 


4.45 
4.35 


4.50 


4.55 
4.65 


V 
V 


ML2350BXX 


5 


V C c ^ 7.0V T A = 25°C 
Tmin to T MAX 


2.48 
2.47 


2.50 


2.52 
2.53 


2.48 
2.43 


2.50 


2.52 
2.57 


V 
V 




V CC ^ 8.0V T A = 25°C 
Tmin to T MAX 


4.98 
4.96 


5.00 


5.02 
5.04 


4.98 
4.90 


5.00 


5.02 
5.10 


V 
V 


ML2350CXX 


V cc * 7.0V T A = 25°C 
Tmin to T MAX 


2.45 
2.44 


2.50 


2.55 
2.58 


2.46 
2.42 


2.50 


2.55 
2.59 


V 
V 




V cc ^ 8.0V T A = 25°C 
Tmin to T MAX 


4.95 
4.90 


5.00 


5.05 
5.10 


4.95 
4.85 


5.00 


5.05 
5.15 


V 
V 


Temperature Coefficient 
Vref out 








50 






50 




ppm/°C 


Vref Output Current 


5 




0.75 




5 


0.75 




5 


mA 


Vref out Power Supply 
Rejection Ratio 


5 


100mV P _p, 1kHz 
Sinewave on Vcc 


-40 


-60 




-40 


-60 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



NOTES 



CONDITIONS 



ML2340XCX, ML2350XCX 



MIN 



TYP 
(NOTE 4) 



MAX 



ML2340XIX, ML2350XMX 
ML2350XIX, ML2350XMX 



MIN 



TYP 
(NOTE 4) 



MAX 



UNITS 



Vref in and V zs 



Vref in Input Range 


5 


V cc < 8.75V 
V CC ^ 8.75V 


AGND+2 
AGND+2 




Vcc-1-75 
AGND+7 


AGND+2 
AGND+2 




Vcc-1-75 
AGND+7 


V 
V 


Vref in DC Input 
Resistance 


5 




10 






10 






MQ 


Vzs Voltage Range 


5,8 


V CC ^ 7.0V 


AGND 




Vcc-2.25 


AGND 




Vcc-2.25 


V 



Analog Output 



Vqut Output Swing 
Unipolar Mode 


5,8 


R L = 100K 


AGND+ 
0.01 




Vcc-0.5 


AGND+ 
0.01 




Vcc-0.5 


V 




R L = 1K 


AGND+ 
1.0 




Vcc-1-0 


AGND+ 
1.0 




Vcc-1-0 


V 


Bipolar Mode 


5 


R L = 100K 


AGND+ 
0.1 




Vcc-0.1 


AGND+ 
0.1 




Vcc-0-1 


V 




R L = 1K 


AGND + 
1.0 




Vcc-i -0 


AGND + 
1.0 




Vcc-i.o 


V 


Vqut Output Current 


5 


AGND+1 V<Vout<Vcc-1 V 


-10 




+10 


-10 




+10 


mA 


Power Supply 
Rejection Ratio 




100mVp_ P , 1kHz 
sinewave on Vcc 




-60 






-60 




dB 



Digital and DC 



V|N(0) Logical "0" 
Input Voltage 


5 








0.8 






0.8 


V 


V| N(1) Logical "1" 
Input Voltage 


5 




2.0 






2.0 






V 


l| N(0 ) Logical "0" 
Input Current 


5 


V, N = DGND 


-1 






-1 






uA 


l| N (D Logical "1" 
Input Current 


5 


V|N = V CC 






1 






1 


HA 


Supply Current, 
Bipolar Mode 

Ice/ Vcc Current 

Ugnd, 

Analog Ground Current 

I VZS/ Vzs Current 


5 


V C c = 5 V ± 1 0% 




-90 


5.3 

-5.0 
-300 




-90 


5.3 

-5.0 
-300 


mA 

mA 
MA 


Ico v cc Current 

'AGND/ 

Analog Ground Current 
'vzs/ Vzs Current 


5 


V CC = 12V±10% 




-90 


9.3 

-9.0 
-300 




-90 


9.3 

-9.0 
-300 


mA 

mA 
uA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



NOTES 



CONDITIONS 



ML2340XCX, ML2350XCX 



MIN 



TYP 
(NOTE 4) 



MAX 



ML2340XIX, ML2350XMX 
ML2350XIX, ML2350XMX 



MIN 



TYP 
(NOTE 4) 



MAX 



Digital and DC (Continued) 



AC Performance 



UNITS 



Supply Current, 
Unipolar Mode 

'co V<X Current 

Iagnd/ 

Analog Ground Current 

Ivzs/ Vzs Current 


5 


V CC = 5V±10% 






6.0 

-4.3 
-1.7 






6.0 

-4.3 
-1.7 


mA 

mA 
mA 


Ico v cc Current 

Iagnd/ 

Analog Ground Current 

'vzs/ V zs Current 


5 


V CC = 12V±10% 






11.0 

-7.3 
-3.7 






11.0 

-7.3 
-3.7 


mA 

mA 
mA 



Settling Time 
tsi 


5 


Figure 2, 

Output Step of AGND + 1 V 

toV cc -1V, R L = 1K 




1.2 


2.5 




1.2 


3.0 


US 


tS2 


Output Step of 
AGND + 100mVto 
Vcc-lOOmV, R L = 100K 




2.5 


5 




2.5 


6 


US 


tS3 


Output Step of ±1LSB 






1 






1 


U.S 


ts4, Gain Change 




Change of Any Gain Setting 




1.1 


2.5 




1.1 




U.S 


txFERr XFER Pulse Width 


5 


Figure 3 


60 






60 






ns 


t DBS , DB0-DB7 
Setup Time 


5 


Figure 3 


40 






45 






ns 


t DBH , DB0-DB7 
Hold Time 


5 


Figure 3 
















ns 


tRESET/ Power-On 
Reset Time 


6 








16 






16 


U.S 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to analog ground 
Note 2: When the voltage at any pin exceeds the power supply rails (V|n < AGND or V|n > Vcc) the absolute value of current at that pin should be limited to 25mA or less. 
Note 3: -55°C to +1 25°C operating temperature range devices are 1 00% tested at temperature extremes with worst-case test conditions. -40°C to +85°C operating 

temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 
Note 4: Typicals are parametric norm at 25°C. 
Note 5: Parameter guaranteed and 1 00% production tested. 

Note 6: Parameter guaranteed Parameters not 1 00% tested are not in outgoing quality level calculation. 
Note 7: Supply current and analog ground current are specified with the digital inputs stable and no load on Vout- 
Note 8: In unipolar operation with Vzs arid AGND tied together, digital codes that represent an analog value of less than 1 0OmV from AGND should be avoided. 
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« GAIN ERROR 

IDEAL WITH OFFSET 




DIGITAL INPUT *► 

Unipolar Mode 



OFFSET 
ERROR 



ANALOG ACTUAL 

OUTPUT CA|N V^y 

ERROR V // 

- IDEAL 



IDEAL WITH 
OFFSET 

V' 




Figure 1 . Gain and Offset Error 



DIGITAL INPUT ~ 

Unipolar Mode 



0, GAIN 1 
XFER 


/ 


rv__ 


•<— t S4 — ► 








/^ 






SETTLED TO 


w~. 




±1/2 LSB 






< tsi, tS2, tS3 >~\ 





Figure 2. Settling Time 



/T\ 



t\VR 



-^ VALID DATA ^- 



V 



Figure 3. Single Buffered Mode 
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1.0 FUNCTIONAL DESCRIPTION 



1.1 D/A CONVERTER 

The D/A converter is implemented using an array of equal 
current sources that are decoded semi linearly for the four 
most significant bits to improve differential linearity and to 
reduce output glitch around major carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between Vref in and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level in 



the D/A converter. The D/A converter output current is 
then converted to a voltage output by an output buffer 
and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode by 
modulating the reference input within the specified 
Vref in range. 



G) 4 ' (p 41 Q> G) 21 G> Q> 

9 9 <p o q o y 9 y? 



Vcc 



4-BIT 
DIVIDER 



- DACoUT 



Figure 4. D/A Converter Implementation 



1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2340 and ML2350 can be powered from a single 
supply ranging from 4.5V to 1 3.2V or dual supplies 
ranging from +2.25V to +6.6V. 

The internal digital and analog circuitry is powered 
between Vcc and AGND. The range of DGND is 
AGND < DGND < V C c - 4.5V with the logic thresholds 
set between 0.8V and 2.0V above DGND (standard TTL 
logic level). The range of Vzs is AGND < Vzs ^ (Vcc - 
2.25V). 

1.3 UNIPOLAR AND BIPOLAR OUTPUT 
VOLTAGE SWING 

ML2340 and ML2350 can operate in either unipolar 
bipolar output voltage mode. Unipolar/bipolar mode 
selection is determined by comparing the zero scale 
voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. V zs is ideally the 
voltage that will be produced at the DAC voltage output 
when the digital input data is set to all "0's" Unipolar 
mode is selected when Vzs ' s lower than 1 .00 volt, and 
bipolar mode is selected when Vzs ls greater than 1 .50 
volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, Vqut swings above Vzs- Ideally the 
00000000 code results in an output voltage of Vzs/ and 
the 1 1 1 1 1 1 1 1 code results in an output voltage of 
Vps x 255/256, where Vps is the full-scale voltage 
determined by V RE p in and the gain setting. 



1 .3.2 Bipolar Output Mode 

In the bipolar mode, Vqut swings around Vzs- The input 
data is in 2's complement binary format. Ideally, the 
00000000 code results in an output voltage of Vzs; the 
10000000 code results in an output voltage of (V zs - V F s); 
and the 01 1 1 1 1 1 1 results in an output voltage of (V Z s + 
Vps 1 27/1 28), where Vps is the full scale output voltage 
determined by Vref in and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper gain 
setting determined by the GAIN and GAIN 1 inputs. 
There are four possible gain settings for unipolar output 
voltage mode and bipolar output voltage mode as listed 
below: 

Unipolar Output Voltage Mode 



GAIN1 


GAIN0 


GAIN 


Voltage Output Swing 
Relative to V Z s 








1 A 


Vref in x y 4 





1 


72 


Vref in x V2 


1 





1 


Vref in x 1 


1 


1 


2 


Vref in x 2 
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Bipolar Output Voltage Mode 



ML2350 



GAIN1 


GAINO 


GAIN 


Voltage Outputp.p 








74 


Vref in x 1 A 





1 


1 /2 


Vref in x 'A 


1 





1 


Vref in x V2 


1 


1 


2 


Vref in x 1 



The output buffer can source or sink as much as 1 0mA of 
current with an output voltage of at least 1 V from either 
Vcc or AGND. As the output voltage approaches Vcc or 
AGND the current sourcing/sinking capability of the 
output buffer is reduced. The output buffer can still swing 
down to within 10mV of AGND and up to within 40mV of 
V C c with a 1 00K load at Vqut to AGND in the unipolar 
operation. In the bipolar operation, the output buffer 
swing is limited to about 100mV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the ML2340 
and ML2350. Two reference voltages can be produced by 
each device. An internal comparator monitors the power 
supply voltage to determine the selection of the reference 
voltage. A reference voltage of 2.25 volts on the ML2340 
and 2.50 volts on the ML2350 is selected when the supply 
voltage is less than approximately 7.50 volts. Otherwise, a 
reference voltage of 4.50 volts and 5.00 volts is selected. To 
prevent the comparator from oscillating between the two 
selections, avoid operation with a power supply between 70 
and 8.0 volts. 

The bandgap reference is trimmed for zero Temperature 
Coefficient (TC) at 35°C to minimize output voltage drift 
over the specified operating temperature range. 

The internal reference is buffered for use by the DAC and 
external circuits. The reference buffer will source more 
than 5mA of current and sink more than 1 mA of current. 
With Vref in connected to Vref OUT/ the following output 
voltage ranges of the DAC are obtained: 

ML2340 



Gain 
Setting 


V REF = 2.25V with 
V cc < 7.0V 


Vref = 4.5V with 
V C c ^ 80V 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


V4 


to 0.562V 


-0.281V to 
+0.281 V 


to 1.125V 


-0.562V to 
+0.562V 


V2 


to 1.125V 


-0.562V to 
+0.562V 


to 2.250V 


-1.125V to 
+1.1 25V 


1 


to 2.250V 


-1.125V to 
+1.125V 


to 4.500V 


-2.250V to 
+2.250V 


2 


to 4.500V 


-2.250V to 
+2.250V 


to 9.000V 


-4.500V to 
+4.500V 



Gain 
Setting 


V REF = 2.50V with 
V C c £ 7.0V 


Vref = 5.0V with 
V CC ^ 8.0V 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


! A 


to 0.625V 


-0.31 25V to 
+0.31 25V 


to 1.25V 


-0.625V to 
+0.625V 


y 2 


to 1 .250V 


-0.6250V to 
+0.6250V 


to 2.50V 


-1 .250V to 
+1.250V 


1 


to 2.500V 


-1 .2500V to 
+1 .2500V 


to 5.00V 


-2.500V to 
+2.500V 


2 


to 5.000V 


-2.5000V to 
+2. 5000V 


to 10.00V 


-5.000V to 
+5.000V 



An external reference can alternatively be used on Vref in 
to set the desired full scale voltage. The linearity of the D/A 
converter depends on the reference used, however. To 
insure integral linearity at an 8-bit level, a reference 
voltage of no less than 2V and no more than 7V (2.75V 
for operation with a low-voltage power supply) should 
be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the ML2340 and ML2350 consist 
of a transfer input (XFER) and eight data inputs, DB0 
through DB7. The digital interface operates in one of the 
two modes: 

1.6.1 Single-Buffered Mode 

Digital input data on DB0-DB7 is passed through an 8-bit 
transparent input latch on the rising edge of XFER. 
Because the outputs of the latch are connected directly to 
the inputs of the internal DAC, changes on the digital data 
while the XFER input is still active will cause an 
immediate change in the DAC output voltage. To hold the 
input data on the latch, the XFER input needs deactivated 
while the data is still stable. 

1 .6.2 Flow-Through Mode 

In the flow-through mode, the input latch is bypassed. 
When XFER is set to logic "1 ", a change of data inputs, 
DB0-DB7, results in an immediate update of the output 
voltage. 

1.7POWER-ON-RESET 

The ML2340 and ML2350 have an internal power-on- 
reset circuit to initialize the device when power is first 
applied to the device. The power-on-reset interval of 
typically 8u,s begins when the supply voltage, Vcc reaches 
approximately 2.0V. During the power-on-reset interval, 
the transparent latch is reset to all "0's". 
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2.0 TYPICAL APPLICATIONS 



< Vin < 4.5VO 



+VREF 






(IP 



t 



Vrefout 
Vrefin 

ML2340 

D/A 

WITH 

REFERENCE 



DVqut 



Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V V cc ± 10% 



DB7 
DBO 

INT 

rd 



cs 



-Cf 



CLOCK 
SOURCE 

OR 
TIMER 



VoutC 



DB7 
DBO 



ML2340 
D/A 



ADDRESS 
DECODE 



A A A 



D7 
DO 
l~NT 
DEN 



TMS320 
/E14 
C15 



PAO 
PA1 
PA2 



Figure 6. TMS320 Interface 



Vcc 

ML2350 
VOUT 

Vrefin 

Vrefout 

Vzs 

GAINO 

AGND 
GAIN1 



UNIPOLAR J 

-O VouT 
0TO5V 



1 2.50V 



, \7 2 



1.25V 
256 CODES 



^ — 0.6- - 
\^256 CODES | 



VoUT, GAIN 2 



"-GND *GND — ^GND 

VOUT/ G Al N 1 VouT, G Al N 1 /2 VouT, C Al N 1 /4 



Figure 7. Single 5V Supply Unipolar Vqut 
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TYPICAL APPLICATIONS (Continued) 



vcc 

ML2340 
VOUT 

Vrefin 



GAINO 

AGND 
GAIN1 



BIPOLAR 
-O VoUT 
AROUND 
4.5V 



VREFOUT — 4.50V 

Vzs —I 



a 




VoUT, GAIN 1 
GND + 100mV 



c 5.625V 

S^TmCODB S 2| f 2_V 256CODK 

X —^ 3.938V 

i-3 375V 

V OU T, GAIN 1/2 Vqut, GAIN 1/4 



VoUT, GAIN 2 



J 



Figure 8. Single 12V Supply, Bipolar Vqut vvith 11 -Bits Resolution Around Zero 



MICRO- 
CONTROLLER 



+12V 
Q 




Vcc 



XFER 

DB0 Vrefout 

VreF IN 

Vzs 

DB7 VoUT 

GAINO 

GAIN 1 AGND 
DGND 



+5V +12V 
9 9 



rx 



0.1 nF 



- 16 



O.lflFl 



zrr 



+12V 



+5V 
PWRVC 
OUTPUT+ 
REF PWR GND A 

RSENSE 

ML4406 
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CONTROL- 

PWR GND B 
DISABLE 

GND 



HIGH/LOW 

l(RET) SET 



n 



( SERVO 
JCOIL 



-K 



FROM 

^ MOTOR 

WINDINGS 



-K 
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Figure 9. Hard Disc Drive Servo Coil Driver Providing 1 3-Bit Effective Resolution 
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ORDERING INFORMATION 



PART NUMBER 



INTEGRAL & DIFFERENTIAL 
NON-LINEARITY 



Vref OUT = 2.25V with V CC = 5V 



Vref OUT = 2.50V with V cc = 5V 



Vref OUT = 4.50V with V cc = 12V 



Vref out = 5.00V with V cc = 12V 
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TEMPERATURE 
RANGE 



PACKAGE 



ML2340BMJ/5 


±y 4 LSB 


-55°Cto+125°C 


Hermetic DIP (J 18) 


ML2340BIJ/5 




-40°C to +85°C 


Hermetic DIP (J1 8) 


ML2340BCP/5 




0°C to +70°C 


Molded DIP (P1 8) 


ML2340BCQ/5 




0°C to +70°C 


Molded PCC(Q1 8) 


ML2340CMJ/5 


+V2 LSB 


-55°Cto+125°C 


Hermetic DIP (J1 8) 


ML2340CCP/5 




0°C to +70°C 


Molded DIP (P1 8) 


ML2340CCQ/5 




0°C to +70°C 


Molded PCC(Q1 8) 



ML2350BMJ/5 


±74 LSB 


-55°Cto+125°C 


Hermetic DIP (J1 8) 


ML2350BIJ/5 




-40°C to +85°C 


Hermetic DIP (J 18) 


ML2350BCP/5 




0°C to +70°C 


Molded DIP (P1 8) 


ML2350BCQ/5 




0°C to +70°C 


Molded PCC (Q1 8) 


ML2350CMJ/5 


±72 LSB 


-55°Cto+125°C 


Hermetic DIP (J1 8) 


ML2350CCP/5 




0°C to +70°C 


Molded DIP (P1 8) 


ML2350CCQ/5 




0°C to +70°C 


Molded PCC (Q1 8) 



ML2340BMJ/1 2 


±74 LSB 


-55°Cto+125°C 


Hermetic DIP (J1 8) 


ML2340BIJ/12 




-40°C to +85°C 


Hermetic DIP (J1 8) 


ML2340BCP/12 




0°C to +70°C 


Molded DIP(P18) 


ML2340BCQ/1 2 




0°C to +70°C 


Molded PCC (Q1 8) 


ML2340CMJ/1 2 


±72 LSB 


-55°Cto+125°C 


Hermetic DIP (J1 8) 


ML2340CCP/1 2 




0°C to +70°C 


Molded DIP (P1 8) 


ML2340CCQ/1 2 




0°C to +70°C 


Molded PCC (Q1 8) 



ML2350BMJ/12 


±1/4 LSB 


-55°Cto+125°C 


Hermetic DIP (J1 8) 


ML2350BIJ/12 




-40°C to +85°C 


Hermetic DIP (J1 8) 


ML2350BCP/12 




0°C to +70°C 


Molded DIP(P18) 


ML2350BCQ/12 




0°C to +70°C 


Molded PCC (Q1 8) 


ML2350CMJ/12 


±1/2 LSB 


-55°Cto+125°C 


Hermetic DIP (J1 8) 


ML2350CCP/12 




0°C to +70°C 


Molded DIP(P18) 


ML2350CCQ/12 




0°C to +70°C 


Molded PCC (Q1 8) 
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ML2341, ML2351 



Single Supply, Programmable 
8-Bit D/A Converters 



GENERAL DESCRIPTION 

The ML2341 and ML2351 are CMOS voltage output, 
8-bit D/A converters with an internal voltage reference 
and a jjP interface. These devices are designed to be 
powered by a single supply, although they can be 
powered from dual power supplies. The output voltage 
swings above zero scale (V^s) in the unipolar mode or 
around zero scale (Vzs) in the bipolar mode, both with 
programmable gain. Vz$ can be set to any voltage 
from AGND to 2.25V below V cc . The digital and 
analog grounds, DGND and AGND, are totally 
independent of each other. DGND can be set to any 
voltage from AGND to 4.5V below V C c for easy 
interfacing to standard TTL and CMOS logic families. 

The high level of integration and versatility of the 
ML2341 and ML2351 makes them ideal for a wide 
range of applications in hard disk drives, automotive, 
telecom, and a variety of general purpose industrial. 
One specific intended application is controlling a hard 
disk voice coil. 

The ML2341 provides a 2.25V or 4.50V reference 
output for use with A/D converters that use a single 
5V ± 10% power supply, while the ML2351 provides a 
2.50V or 5.00V reference output. 



FEATURES 

■ Programmable output voltage gain settings of 2, 1, 
1 /2, 1 /4 provide 8-, 9-, 10-, or 11-bit effective 
resolution around zero 

■ AGND to Vcc output voltage swing 

■ Bipolar or unipolar output voltage 

■ 4.5V to 13.2V single supply or ±2.25V to +6.5V 
dual-supply operation 

■ Single- and double-buffered, edge-triggered 
interface with 30ns write time, 0ns hold time 

■ Voltage reference output 

ML2341 2.25V or 4.50V 

ML2351 2.50V or 5.00V 

■ Nonlinearity ±Va, LSB or ±Vi LSB 

■ Output voltage settling time over temperature and 
supply voltage tolerance 

Within 1 V of V C c and AGND 2.5/zs max 

Within 100mV of V C c and AGND 5//s max 

■ TTL and CMOS compatible digital inputs 

■ Low supply current (Vref — 2.5V) 5mA max 

■ 20-pin DIP or PCC 

■ Operating temperature range of 0°C to +70°C, 
-40°C to +85°C, and -55°C to +125°C 



BLOCK DIAGRAM 



PIN CONNECTIONS 



Vrefout o- Vref 



Vzs Vcc AGNI 

I ! ! 



VREFIN O— 



<> 




TRANSPARENT 
IATCH 



^Qf 



ZS 



EDGE TRIGGERED 
IATCH 



mum 



DBO 
(LSB) 



RESISTORS 
SWITCHES 
DECODERS 



DB7 

(MSB) 



ML2341 

ML2351 

20-Pin DIP 




20 j Vrefout 
] GAIN 1 

18 ] ™ N » Vzs \C 
' 7 D CS AG ND [ 
DGND [ 
DBO [ 7 
DB1 [ 



ML2341 

ML2351 

20-Pin PCC 



Vcc Vrefout 

VOUT | VrefiN I GAIN 1 




DB2 | DB4 | DB6 
DB3 DB5 
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PIN DESCRIPTION 



PIN tt 



1 



NAME 



FUNCTION 



PIN tt 



Vref in 



Voltage reference input. Vref in is 
referenced to AGND. 



NAME 



FUNCTION 



2 


Vcc 


Positive supply. 


12 


DB5 


3 


V OUT 


Voltage output of the D/A 
converter. V ut is referenced to 


13 


DB6 






Vzs- 


14 


DB7 


4 


Vzs 


Zero Scale Voltage. Vqut is 
referenced to Vzs- V^s is normally 
tied to AGND in the unipolar 
mode or to mid-supply in the 
bipolar mode. When the device is 


15 


XFER 






operated from a single power 


16 


WR 






supply, Vzs nas a maximum 










current requirement of -300//A in 










the bipolar mode. 






5 


AGND 


Analog ground. 


17 


CS 


6 


DGND 


Digital ground. This is the ground 
reference level for all digital 










inputs. The range is AGND < (Vcc 


18 


GAIN 






- 4.5V). DGND is normally tied to 


19 


GAIN 1 






system ground. 






7 


DBO 


Data input — Bit (LSB). 


20 


Vref out 


8 


DB1 


Data input — Bit 1. 






9 


DB2 


Data input — Bit 2. 







Data input — Bit 3. 

Data input — Bit 4. 

Data input — Bit 5. 

Data input — Bit 6. 

Data input — Bit 7 (MSB). 

Transfer enable input. In the 
double buffered mode of 
operation, the data in the input 
latch is transferred to the D/A 
converter at the high level of XFER. 

Write enable input. While CS is 
low, data inputs are latched into 
the input latch on the rising edge 
of WR. 

Chip select input. Active low input 
which enables latchin g in the data 
on the rising edge of WR. 

Digital gain setting input 0. 
Digital gain setting input 1. 
Voltage reference output. 
Vref out is referenced to AGND. 
Vref out is set to 2.5V and 5.0V in 
a low-voltage and high -voltage 
operation, respectively for the 
ML2351; 2.25V and 4.5V for the 
ML2341. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage V cc with Respect to AGND 14.2V 

DGND -0.3V to V cc + 0.3V 

Vzs/ Vref in -0-3V to V cc + 0.3V 

Logic Inputs -0.3V to V cc + 0.3V 

Input Current per Pin (Note 2) ±25mA 

Storage Temperature -65°C to +150°C 

Package Dissipation at T A = 25°C (Board Mount) 875mW 

Lead Temperature (Soldering 10 sec.) 

Dual-ln-Line Package (Plastic) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Chip Carrier Package 

Vapor Phase (60 sec.) 215°C 

Infrared (15 sec.) 220°C 



OPERATING CONDITIONS 

(Note 1) 

Supply Voltage, V cc 4.5V DC to 13.2V DC 

Temperature Range (Note 3) T M | N < T A < Tmm 

ML2341BMJ, ML2341CMJ 

ML2351 BMJ, ML2351CMJ -55°C to +125°C 

ML2341BIJ, ML2341CIJ 

ML2351BIJ, ML2351CIJ -40°C to +85°C 

ML2341BCQ, ML2341CCQ 

ML2351BCQ, ML2351CCQ 

ML2341BCP, ML2341CCP 

ML2351BCP, ML2351CCP 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T MIN to T MAX , V C c - AGND = 5V ± 10% and 12V ± 10% (Note 9), 

Vref in for ML2341 = 2.25V and 4.50V, for ML2351 V REF ^ = 2.50V and 5.00V, Vqut load is R L = 1K and C L = 100pF, 

Vref load is Rl = 1K and Cl = 100pF and input control signals with tR = tp < 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2341XCX, ML2351XCX 



MIN 



TYP 
(Note 4) 



MAX 



ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 



MIN 



TYP 
(Note 4) 



MAX 



UNITS 



Converter and Programmable Gain Amplifier 



Converter Resolution 


5 




8 






8 






Bits 


Integral Linearity Error 
ML2341BXX, ML2351BXX 
ML2341CXX, ML2351CXX 


5 


GAIN = 2, 1, Vi, or Va 






±1/4 
±1/2 






±V4 
±1/2 


LSB 
LSB 


Differential Linearity Error 
ML2341BXX, ML2351BXX 
ML2341CXX, ML2351CXX 


5 


GAIN = 2, 1, Vi, or Va 






±1/4 
±1/2 






±1/4 
±1/2 


LSB 
LSB 


Mode Select 
Unipolar Output 
Bipolar Output 


5 


V zs with respect to AGND 



1.50 




1.0 
Vcc-2.25 



1.50 




1.0 
Vcc-2.25 


V 
V 


Offset Error 
Unipolar Mode 


5 


Figure 1 

GAIN = y 4 , y 2 , 1 
GAIN = 2 






±10 
±20 






±12 

±24 


mV 
mV 


Bipolar Mode 


5 


Figure 1 

GAIN = V4, 1/2, 1, 2 






±10 plus 
±2V2 LSB 






±10 plus 

±2V2 LSB 


mV 


Gain Error 
Unipolar Mode 
Bipolar Mode 


5 


Figure 1 

GAIN = 1/4, 1/2, 1, 2 
GAIN = 1/4, 1/2, 1, 2 




+.5 
±.5 


±2 
±2 




±.5 
±.5 


±2.5 
±2.5 


%FS 
%FS 



Reference 



Vref out Voltage 
ML2341BXX/5 


5 


V cc - 5.0V 


T A = 25°C 
Tmin to Tmax 


2.23 
2.22 


2.25 


2.27 
2.28 


2.23 
2.18 


2.25 


2.27 
2.32 


V 

V 


ML2341CXX/5 


V cc = 5.0V 


T A - 25°C 
Tmin to Tmax 


2.22 
2.20 


2.25 


2.29 
2.30 


2.22 
2.18 


2.25 


2.28 
2.32 


V 
V 


ML2351BXX/5 


5 


V cc * 5.0V 


T A = 25°C 

Tmin to Tmax 


2.48 

2.47 


2.50 


2.52 
2.53 


2.48 
2.43 


2.50 


2.52 

2.57 


V 
V 


ML2351CXX/5 


V cc - 5.0V 


T A = 25°C 

Tmin to t max 


2.45 
2.44 


2.50 


2.55 
2.58 


2.46 
2.42 


2.50 


2.55 
2.59 


V 

V 


ML2341BXX/12 


5 


V cc " 12.0V 


T A = 25°C 
Tmin t0 Tmax 


4.48 
4.46 


4.50 


4.52 
4.54 


4.48 
4.43 


4.50 


4.52 

4.57 


V 

V 


ML2341CXX/12 


V cc - 12.0V 


T A = 25°C 
Tmin to Tmax 


4.45 
4.40 


4.50 


4.55 
4.60 


4.45 
4.35 


4.50 


4.55 
4.65 


V 
V 


ML2351BXX/12 


5 


V cc " 12.0V 


T A = 25°C 

Tmin to Tmax 


4.98 
4.96 


5.00 


5.02 
5.04 


4.98 
4.90 


5.00 


5.02 
5.10 


V 

V 


ML2351CXX/12 


V cc = 12.0V 


T A - 25°C 
Tmin to t max 


4.95 
4.90 


5.00 


5.05 
5.10 


4.95 
4.85 


5.00 


5.05 
5.15 


V 
V 


Temperature Coefficient 
Vref out 








50 






50 




ppm/°C 


Vr E f Output Current 


5 




0.75 




5 


0.75 




5 


mA 


Vref out Power Supply 
Rejection Ratio 


5 


100m V P _p, 1kHz 
Sinewave on V C c 


-40 


-60 




-40 


-60 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T A - T MIN to Tmax, V C c - AGND = 5V ± 10% and 12V ± 10% (Note 9), 

Vref in for ML2341 = 2.25V and 4.50V; for ML2351 V REF | N = 2.50V and 5.00V, V OU T load is R L = 1K and C L « 100pF, 

Vref load is Rl = 1K and Q ■ 100pF and input control signals with tR ■ tp ^ 20ns. 



PARAMETER 



NOTES 



CONDITIONS 



ML2341XCX, ML2351XCX 



MIN 



TVP 

(Note 4) 



MAX 



ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 



MIN 



TYP 

(Note 4) 



MAX 



UNITS 



Vref in and V^ 



Vref in '"put Range 


5 


V cc < 8.75V 
V cc ^ 8.75V 


AGND+2 
AGND+2 




Vcc-1.75 
AGND+7 


AGND+2 
AGND+2 




Vcc-175 
AGND+7 


V 
V 


Vref in DC Input 
Resistance 


5 




10 






10 






MQ 


V zs Voltage Range 


5,8 


V cc ^ 7.0V 


AGND 




Vcc- 
2.25 


AGND 




V CC - 
2.25 


V 




5,8 


V cc ^ 8.0V 


AGND 




Vcc-3-0 


AGND 




Vcc-3.0 


V 



Analog Output 



Vout Output Swing 
Unipolar Mode 


5,8 


R L = 100K 


AGND+ 
0.01 




V cc -.05 


AGND+ 
0.01 




Vcc-05 


V 




R L = 1K 


AGND+ 
1.0 




Vcc-1.0 


AGND+ 
1.0 




Vcc-1.0 


V 


Bipolar Mode 


5 


R L = 100K 


AGND+ 
0.1 




Vcc-0.1 


AGND+ 
0.1 




Vcc-0.1 


V 




R L = 1K 


AGND+ 
1.0 




Vcc-1.0 


AGND+ 
1.0 




Vcc-10 


V 


Vout Output Current 


5 


AGND+1V<V uT<V C c-1V 


-10 




+10 


-10 




+10 


mA 


Power Supply 
Rejection Ratio 




100mV P _p, 1kHz 
sinewave on V C c 




-60 






-60 




dB 



Digital and DC 



V| N ( ) Logical "0" 
Input Voltage 


5 








0.8 






0.8 


V 


V|N(D Logical "1" 
Input Voltage 


5 




2.0 






2.0 






V 


l| N(0 ) Logical "0" 
Input Current 


5 


V, N - DGND 


-1 






-1 






fiA 


l, N(1) Logical "1" 
Input Current 


5 


V|N " V C c 






1 






1 


M 


Supply Current, 
Bipolar Mode 

Ico Vcc Current 

Ugnd/ 

Analog Ground Current 

>vzs/ V zs Current 


5 


V cc - 5V ± 10% 




-90 


5.3 

-5.0 
-300 




-90 


5.3 

-5.0 
-300 


mA 
mA 


Ico v cc Current 

'AGND/ 

Analog Ground Current 
'vzs v zs Current 


5 


V cc - 12V ± 10% 




-90 


9.3 

-9.0 
-300 




-90 


9.3 

-9.0 
-300 


mA 
mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T A = T M | N to T MAX , V C c - AGND = 5V ± 10% and 12V ± 10% (Note 9), 

Vref in for ML2341 = 2.25V and 4.50V; for ML2351 V REF ^ = 2.50V and 5.00V, Vqut load is R L = 1k and C L « 

Vref load is Rl = 1K and Q = 100pF and input control signals with tR = tp ^ 20ns. 



100pF, 



PARAMETER 



NOTES 



CONDITIONS 



ML2341XCX, ML2351XCX 



MIN 



TYP 

(Note 4) 



MAX 



ML2341XIX, ML2341XMX 
ML2351XIX, ML2351XMX 



MIN 



TYP 
(Note 4) 



MAX 



UNITS 



Digital and DC (Continued 




















Supply Current, 
Unipolar Mode 
'co v cc Current 

'AGND/ 

Analog Ground Current 
•vzs> v zs Current 


5 


V cc * 5V ± 10% 






6.0 

-4.3 
-1.7 






6.0 

-4.3 
-1.7 


mA 

mA 
mA 


'co ^cc Current 

'AGNDr 

Analog Ground Current 
•vzs/ Vzs Current 


5 


V cc = 12V ± 10% 






11.0 

-73 
-3.7 






11.0 

-7.3 
-3.7 


mA 

mA 
mA 



A£ Performance 



Settling Time 
tsi 

t S2 

tS3 

t§4, Gain Change 


5 


Figure 2, 

Output Step of AGND + 1V 

to V cc - w, R L = 1K 

Output Step of 
AGND + 100mV to 
V cc -100mV, R L = 100K 

Output Step of +1LSB 

Change of Any Gain Setting 




1.2 
2.5 

1.1 


2.5 
5 

1 
2.5 




1.2 
2.5 

1.1 


3.0 
6 

1 
3 


//s 
lis 

/US 
fJS 


t W R, WR Pulse Width 


5 


Figure 3 


40 






40 






ns 


t XFER , XFER Pulse Width 


5 


Figure 3 


60 






60 






ns 


t XW r WRt to XFERi 


6 


Figure 3 


30 






30 






ns 


t DBS , DB0-DB7 
Setup Time 


5 


Figure 3 


40 






45 






ns 


t DBH , DB0-DB7 
Hold Time 


5 


Figure 3 
















ns 


tcss/ CS Setup Time 


5 


Figure 3 


50 






50 






ns 


tcsH/ CS Hold Time 


5 


Figure 3 
















ns 


tRESET/ Power-On 
Reset Time 


6 








16 






16 


fJS 



Note 1: 
Note 2: 
Note 3: 



Note 4: 
Note 5: 
Note 6: 
Note 7: 
Note 8: 

Note 9: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to analog ground. 

When the voltage at any pin exceeds the power supply rails (V| N < AGND or V| N > V cc ) the absolute value of current at that pin 

should be limited to 25mA or less. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. -40°C 

to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 

correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Supply current and analog ground current are specified with the digital inputs stable and no load on V OUT . 

In unipolar operation with V zs and AGND tied together, digital codes that represent an analog value of less than 100mV from AGND 

should be avoided. 

ML2341XXX/5 and ML2351XXX/5 are tested for 5V operation only and ML2341XXX/12 and ML2351XXX/12 are tested for 12V operation. 
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DIGITAL INPUT - 



Unipolar Mode 



OFFSET 
ERROR 



ANALOG ACTUAL \ jt 

OUTPUT >^ 
GAIN 
ERROR 




DIGITAL INPUT ► 

Bipolar Mode 



Figure 1. Gain and Offset Error 



GAIN 0, GAIN 1 



WR- 



VOUT- 



X 



-tS4- 






"tsi,TS2,t$3 * 



SETTLED TO 

•+ ±1/2 LSB 



Figure 2. Settling Time 
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y 



O 



u 



%R 



-c 



VALID 



I 
DATA 



> 



[^— tDBS »H H« 1| 

XFER TIED TO LOGIC "1" 

Figure 3a. Single Buffered Mode 



\ r 



XFER- 
DB0-DB7 - 



-/ VALID DATA \ 



H tXFER M 



Figure 3b. Double Buffered Mode 



1.0 FUNCTIONAL DESCRIPTION 

1.1 D/A CONVERTER 

The D/A converter is implemented using an array of 
equal current sources that are decoded semi linearly 
for the four most significant bits to improve differential 
linearity and to reduce output glitch around major 
carries. See Figure 4. 

The input voltage reference of the D/A converter is the 
difference between Vr EF | N and AGND. This difference 
voltage is converted to a reference current using an 
internal resistor to set up the appropriate current level 



in the D/A converter. The D/A converter output current 
is then converted to a voltage output by an output 
buffer and a resistive network. The matching among the 
on-chip resistors preserves the gain accuracy between 
these conversions. 

The D/A converter can be used in a multiplying mode 
by modulating the reference input within the specified 
Vref in range. 



Q4« 04. 041 021 0. 0. 



9 o CJ o 9 9 t ? T? 



4-BIT 
DIVIDER 



Figure 4. D/A Converter Implementation 



-Vcc 



- DACoUT 
. DACoUT 
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1.2 SINGLE-SUPPLY vs. DUAL-SUPPLY OPERATION 

ML2341 and ML2351 can be powered from a single 
supply ranging from 4.5V to 13.2V or dual supplies 
ranging from +2.25V to ±6.6V. 

The internal digital and analog circuitry is powered 
between Vcc and AGND. The range of DGND is 
AGND < DGND < V cc - 4.5V with the logic thresholds 
set between .8V and 2.0V above DGND (standard TTL 
logic level). The range of Vzs is AGND < Vzs ^ 
(V CC - 2.25V). 



1.3 



UNIPOLAR AND BIPOLAR OUTPUT VOLTAGE 
SWING 



The ML2341 and ML2351 can operate in either unipolar 
and bipolar output voltage mode. Unipolar/bipolar 
mode selection is determined by comparing the zero 
scale voltage (Vzs) of these devices to a precise internal 
reference that is referred to AGND. Vzs ' s ideally the 
voltage that will be produced at the DAC voltage 
output when the digital input data is set to all "0's". 
Unipolar mode is selected when Vzs ' s lower than 1.00 
volt, and bipolar mode is selected when Vzs ' s greater 
than 1.50 volts. 

1.3.1 Unipolar Output Mode 

In the unipolar mode, Vqut swings above Vzs- Ideally 
the 00000000 code results in an output voltage of Vzs, 
and the 11111111 code results in an output voltage of 
Vps x 255/256, where Vps is the full-scale voltage 
determined by Vref in arj d tne g a,n setting. 

1.3.2 Bipolar Output Mode 

In the bipolar mode, Vout swings around Vzs- The 
input data is in 2's complement binary format. Ideally, 
the 00000000 code results in an output voltage of V Z s; 
the 10000000 code results in an output voltage of (Vzs 
- Vps); and the 01111111 results in an output voltage of 
(V Z s + V F s 127/128), where V FS is the full scale output 
voltage determined by V REF iN and the gain setting. 

1.4 OUTPUT BUFFER AND GAIN SETTING 

The output buffer converts the D/A output current to a 
voltage output using a resistive network with proper 
gain setting determined by the GAIN and GAIN 1 
inputs. There are four possible gain settings for unipolar 
output voltage mode and bipolar output voltage mode 
as listed below: 



Unipolar Output Voltage Mode 


GAIN 1 


GAIN 


GAIN 


Voltage Output Swing 
Relative to Vzs 








V4 


Vref in x 1 /4 





1 


V2 


Vref in x 1 /2 


1 





1 


Vref in x 1 


1 


1 


2 


Vref in x 2 



Bipolar Output Voltage Mode 




GAIN 1 


GAIN 


GAIN 


Voltage Outputp.p 








1/4 


±V REF IN x 1 /8 





1 


16 


±V REF IN x 1 /4 


1 





1 


±V REF , N X 1/ 2 


1 


1 


2 


±Vref in x 1 



The output buffer can source or sink as much as 10mA 
of current with an output voltage of at least 1V from 
either Vcc or AGND. As the output voltage approaches 
Vcc or AGND the current sourcing/sinking capability of 
the output buffer is reduced. The output buffer can still 
swing down to within 10mV of AGND and up to within 
40mV of V C c with a 100K load at Vqut to AGND in the 
unipolar operation. In the bipolar operation, the output 
buffer swing is limited to about 100mV from either rails. 

1.5 VOLTAGE REFERENCE 

A bandgap voltage reference is incorporated on the 
ML2341 and ML2351. Two reference voltages can be 
produced by each device. An internal comparator 
monitors the power supply voltage to determine the 
selection of the reference voltage. A reference voltage 
of 2.25 volts on the ML2341 and 2.50 volts on the 
ML2351 is selected when the supply voltage is less than 
approximately 7.50 volts. Otherwise, a reference voltage 
of 4.50 volts and 5.00 volts is selected. To prevent the 
comparator from oscillating between the two selections, 
avoid operation with a power supply between 7.0 and 
8.0 volts. 

The bandgap reference is trimmed for zero 
Temperature Coefficient (TC) at 35°C to minimize 
output voltage drift over the specified operating 
temperature range. 

The internal reference is buffered for use by the DAC 
and external circuits. The reference buffer will source 
more than 5mA of current and sink more than 1mA of 
current. With Vref in connected to Vref out/ the 
following output voltage ranges of the DAC are 
obtained: 

ML2341 



Gain 
Setting 


V REF = 2.25V with 
V cc < 7.0V 


Vref = 4.5V with 
V cc > 8.0V 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


V4 


to 0.562V 


-0.281V to 
+0.281V 


to 1.125V 


-0.562V to 
+0.562V 


1/2 


to 1.125V 


-0.562V to 
+0.562V 


to 2.250V 


-1.125V to 
+1.125V 


1 


to 2.250V 


-1.125V to 
+1.125V 


to 4.500V 


-2.250V to 
+2.250V 


2 


to 4.500V 


-2.250V to 
+2.250V 


to 9.000V 


-4.500V to 
+4.500V 
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ML2351 



Gain 
Setting 


V REF = 2.50V with 
V cc < 7.0V 


V REF = 5.00V with 
V cc > 8.0V 


Unipolar 


Bipolar 


Unipolar 


Bipolar 


V4 


to 0.625V 


-0.3125V to 
+0.3125V 


to 1.25V 


-0.625V to 
+0.625V 


Vi 


to 1250V 


-0.6250V to 
+0.6250V 


to 2.50V 


-1.250V to 
+1.250V 


1 


to 2.500V 


-1.2500V to 
+1.2500V 


to 5.00V 


-2.500V to 
+2.500V 


2 


to 5.000V 


-2.5000V to 
+2.5000V 


to 10.00V 


-5.000V to 
+5.000V 



An external reference can alternatively be used on 
Vref in to set the desired full scale voltage. The linearity 
of the D/A converter depends on the reference used, 
however. To insure integral linearity at an 8-bit level, a 
reference voltage of no less than 2V and no more than 
7V (2.75V for operation with a low-voltage power 
supply) should be used. 

1.6 DIGITAL INTERFACE 

The digital interface of the dev ice c onsists of a chip 
select input, CS, a write input, WR, a transfer input, 
XFER and eight data inputs, DB0 through DBZ The 
digital interface operates in one of the two modes: 



1.6.1 Single-Buffered Mode 

To use the ML2341 and ML2351 in the single-buffered 
mode, tie XFER to logic "1". This will put the D/ A lat ch 
in the transparent mode and the rising edge of WR at 
low level of CS will latch the data on DB0-DB7 into the 
input latch as well as update the D/A output voltage. 

1.6.2 Double-Buffered Mode 

To use the devices in th e dou ble-buffered mode, timing 
information is appl ied t o WR as well as XFER inputs. 
The rising edge of WR at low level of CS will latch the 
data on DB0-DB7 into the input latch. The D/A output 
voltage will not be updated, however, until XFER is 
brought to a high level, which transfers the data from 
input latch to D/A latch. Note that the D/A latch is a 
transparent latch controlled by the level, not edge, of 
the XFER input, any write operation to the input latch 
while XFER is still at a high level results in the 
immediate update of the D/A output voltage. 

1.7 POWER-ON-RESET 

The ML2341 and ML2351 have an internal power-on- 
reset circuit to initialize the device when power is first 
applied to the device. The power-on-reset interval of 
typically 8//s begins when the supply voltage, V cc 
reaches approximately 2.0V. During the power-on-reset 
interval, both the input and data latch are reset to all 
"0's". 
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2.0 TYPICAL APPLICATIONS 



< Vin < 4.5V C 



+VREF 
ML2261 



A 



n? 



n 



} 



Vrefout 
Vrefin 



D/A 

WITH 

REFERENCE 



>VoUT 



Figure 5. Using 4.50V Reference of D/A for Reference of A/D Using Single 5V V C c ± 10% 



VinC 



DB7 
DBO 



INT 
RD 



— ct 



CLOCK 
SOURCE 

OR 
TIMER 



VoUTC 



DB7 
DBO 

ML2341 

ML2351 

D/A 

CS 
WR 



V- 



ADDRESS 
DECODE 



} 



D7 
DO 

INT 
DEN 



TMS320 
/E14 
C15 



PAO 
PA1 
PA2 
WE 



Figure 6. TMS320 Interface with D/A Output 



Vcc 

ML2351 
VoUT 

Vrefin 

Vrefout 

Vzs 

GAIN 

AGND 
GAIN 1 



d 



- 5.0V - 100mV 



| 2.50V 



UNIPOLAR 
O VoUT 
0TO 5V 



VoUT, GAIN 2 




.,256 CODES 

/ x 625V 

\^256 CODES 
GND _X G ND 



V'OUT, CAIN Vi VoUT, GAIN Va 



Figure 7. Single 5V Supply Unipolar V ut 
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2.0 TYPICAL APPLICATIONS (Continued) 



Vcc 

ML2340 
VOUT 

Vrefin 

Vrefout 

Vzs 

GAIN 

AGND 
GAIN 1 



TIZV 



=|. 



BIPOLAR 
-O V OUT 
AROUND 
4.5V 



T. 





5.625V 
^—256 CODES 
•e— 4.5V 



VOUT, GAIN = Vi 



-4.5V 

=•> 3.938V 

VOUT, GAIN = i/4 



VOUT, GAIN = 1 
GND + 100mV 



VOUT, GAIN - 2 



Figure 8. Single 12V Supply, Bipolar Vqut with 11 -Bits Resolution Around Zero 



ADDRESS 
DECODE 



MICRO- 
CONTROLLER 



Vcc 



XFER 

DB0 VreF OUT 

Vref in 
Vzs 

DB7 VoUT 

GAIN 

GAIN 1 AGND 
DGND 



+12V 

O 



+5V +12V 

9 9 






.1yuF 



I 

— 16 



Ul 



& 



-12V 



+5V 
PWR VC 
OUTPUT+ 
REF PWR GND A 



"1 



ML4406 

CONTROL+ 

OUTPUT- 
CONTROL- 

PWR GND B 
DISABLE 

GND 



r V(RET) 



HIGH/LOW 

I (RET) SET 



SERVO 
COIL 



IZ FROM 

-rt MOTOR 

l^ WINDINGS 



R(RET) 

-^wv — i 



Figure 9. Hard Disc Drive Servo Coil Driver Providing 13-Bit Effective Resolution 
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ORDERING INFORMATION 



PART NUMBER 



INTEGRAL & DIFFERENTIAL 
NON-LINEARITY 



TEMPERATURE 
RANGE 



Vref out - 2.25V with V CC = 5V 



Vref out = 2.50V with V cc = 5V 



Vref OUT = 4.50V with V CC = 12V 



Vref OUT - 5.00V with V C c - 12V 



PACKAGE 



ML2341BMJ/5 


± 1 /4 LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2341BIJ/5 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2341BCP/5 




0°C to +70°C 


MOLDED DIP (P20) 


ML2341BCQ/5 




0°C to +70°C 


MOLDED PCC (Q20) 


ML2341CMJ/5 


±Vi LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2341CIJ/5 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2341CCP/5 




0°C to +70°C 


MOLDED DIP (P20) 


ML2341CCQ/5 




0°C to +70°C 


MOLDED PCC (Q20) 



ML2351BMJ/5 


±y 4 LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2351BIJ/5 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2351BCP/5 




0°C to +70°C 


MOLDED DIP (P20) 


ML2351BCQ/5 




0°C to +70°C 


MOLDED PCC (Q20) 


ML2351CMJ/5 


±Vi LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2351CIJ/5 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2351CCP/5 




0°C to +70°C 


MOLDED DIP (P20) 


ML2351CCQ/5 




0°C to +70°C 


MOLDED PCC (Q20) 



ML2341BMJ/12 


±Va LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2341BIJ/12 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2341BCP/12 




0°C to +70°C 


MOLDED DIP (P20) 


ML2341BCQ/12 




0°C to +70°C 


MOLDED PCC (Q20) 


ML2341CMJ/12 


±Vi LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2341CIJ/12 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2341CCP/12 




0°C to +70°C 


MOLDED DIP (P20) 


ML2341CCQ/12 




0°C to +70°C 


MOLDED PCC (Q20) 



ML2351BMJ/12 


± 1 /4 LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2351BIJ/12 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2351BCP/12 




0°C to +70°C 


MOLDED DIP (P20) 


ML2351BCQ/12 




0°C to +70°C 


MOLDED PCC (Q20) 


ML2351CMJ/12 


±16 LSB 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2351CIJ/12 




-40°C to +85°C 


HERMETIC DIP (J20) 


ML2351CCP/12 




0°C to +70°C 


MOLDED DIP (P20) 


ML2351CCQ/12 




0°C to +70°C 


MOLDED PCC (Q20) 
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ML2375, ML2377 



DSP Analog I/O Peripheral 



GENERAL DESCRIPTION 



FEATURES 



The ML2377 is a complete analog I/O peripheral front- 
end for DSP based control system. It contains a high- 
speed 10-bit A/D converter, a two channel simultaneous 
sample/hold circuit, a 6 channel input multiplexer, a 10- 
bit D/A converter and a 8-bit D/A converter. 

The two channel simultaneous sample/hold in 
conjunction with the multiple channel multiplexer 
provided on-chip is especially well suited for disk drive 
applications, where minimum skew positional channel 
conversion and flexible calibration sensing functions are 
desirable. 

Both input and output channel voltages are referenced to 
floating common points provided by the device. An 
additional common point is also available in the A/D 
input for flexibility. Bipolar conversion of ±2 volts around 
the floating point is provided by the chip. 

Channel multiplexing and common referencing control 
are provide on-chip via its easy to use microprocessing 
port. In addition, external control of the conversion start 
and MUX addressing is also available for the ML2377. 

The ML2375 is a 4 channel version of the ML2377. 



10-bit bipolar A/D resolution 

10-bit bipolar and 8-bit bipolar D/A resolution 

2lis A/D conversion time 

2lis D/A settling time (ILSB, 4lis full scale) 

2 channel simultaneous S/H 

6 bipolar input channels 

A/D and D/A converters have no missing codes 

Inputs and outputs have floating commons 

±2 volt input/output range with 2.5V reference 

Extra floating common input for A/D 

Programmable input MUX and common 

TMS320C14 compatible microprocessor interface 

Single 5 volt power supply 

External conversion start and MUX control (ML2377) 

Additional package and bond-out options available 



BLOCK DIAGRAM ML2375 



VinK 
V IN 2( 



VqutIOO- 



, t 8 0- 



VZ/VREF 
Q 



4-CHANNEL 
INPUT 
MUX. 



2-CHANNEL 

SIMUL- 
TANEOUS 
S/H 



10-BIT 

D/A 



10-BIT 
A/D 



? ? ? 




DOUBLE 
BUFFERED 
REGISTER 



10-BIT D/A 
REGISTER 



8-BIT 
D/A 



8-BIT D/A 
REGISTER 



10-BIT 
DATA BUS 
BUFFERS 



) DO 

> D1 
) D2 

> D3 

> D4 
) D5 

> D6 

> D7 

> D8 

> D9 



HP 

CONTROL 

AND 

TIMING 



O CS 
O WR 

O RD 

O AO 
O A1 
O START 
O RESET 
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BLOCK DIAGRAM ML2377 



MUXO 
V IN 
V. N 1 
V, N 2 
V| N 3 
V IN 4 
V| N 5 

VZ A D2 

vz AD1 



VqutIOO- 



VR 10 O- 
VZdaio O- 



VqutS O- 



VZ D A8 O- 
VR 8 Q- 



MUX1 MUX2 

11 



6-CHANNEL 
INPUT 
MUX. 



A VCC AGND DGND DGND 



D 
VCC 



D 
VCC 



2-CHANNEL 

SIMUL- 
TANEOUS 
S/H 



10-BIT 
D/A 



8-BIT 

D/A 



T ? T T T T T 



10-BIT 
A/D 




DOUBLE 
BUFFERED 
REGISTER 



10-BIT D/A 
REGISTER 



8-BIT D/A 
REGISTER 



10-BIT 
DATA BUS 
BUFFERS 



M P 

CONTROL 

AND 

TIMING 



DO 
D1 
D2 
D3 
D4 
D5 
D6 
D7 
D8 
D9 

CS 

WR 

RD 

AO 

A1 

INT 

BUSY 

START 

RESET 



PIN CONNECTION 



ML2377 
44-Pin QFP (G44) 



ML2375 
28-Pin SSOP (R28) 







Q 




u 








z 




</5 

CO 




O 

< 




o 
Q 




< 




5 




o 



START | | 




RESET | | 




MUXO | | 




MUX1 | | 




MUX2 | | 




V IN 5 | | 




V,m4 1 I 




V, N 3 1 | 




V, N 2 1 I 




V, N 1 I I 




V INl | | 
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so N 



ML2377 



33 








32 








31 








30 








29 








28 








27 








26 








25 








24 








23 





12 


13 


14 


15 


16 


17 


18 


19 


20 
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D8 




zn 


DO 


zn 


A1 


zn 


D1 


zn 


D2 


zn 


D3 


in 


D4 


zn 


DGND 


zn 


VCC 


zn 


D5 


zn 


D6 


zn 


D7 


zn 


D8 


zn 


D9 


zn 


VoUTiO 



Q <S 00 © T- 

7 ° ^ 5 Q 

Z < Q < < 

O N N O N 

< > > N > 



3^, Micro Linear 



2-219 



ML2375, ML2377 



PIN DESCRIPTION 



NAME 



FUNCTION 



VZad2 Programmable input common 

VZadi Default A/D input common. 

VZqaio 10-bit D/A common. 

VZda8 8-bit D/A common. 

START Active low input starts A/D converter. 

RESET Active low resets the IC. 

MUXO Multiplexer address bit 0. 

MUX1 Multiplexer address bit 1 . 

MUX2 Multiplexer address bit 2. 

V| N 5-0 Analog input channels 5 through 0. 

AGND Analog ground. 

VRad Voltage reference input for establishing 

± full scale for the A/D converter. 
± full scale value is 0.8 of the voltage 
on VRad/ referenced to AGND. 

VR 8 ± full scale value for the 8-bit D/A 

converter is 0.8 of the voltage reference 
input on VRg, referenced to AGND. 

VR 10 ± full scale value for the 10-bit D/A 

converter is 0.8 of the voltage reference 
input on VR 10/ referenced to AGND. 



NAME 


FUNCTION 


v out8 


Voltage output of the 8-bit D/A converter. 


Vou-t-10 


Voltage output of the 1 0-bit D/A 
converter. 


D9-D0 


Data I/O bit 9 through 0. 


DVCC 


Digital power supply. +5 volts ±5%. 


AVCC 


Analog power supply. +5 volts ±5%. 


DGND 


Digital ground. 


A1 


Register address 1 . 


A0 


Register address 0. 


BUSY 


Active high output indicates that an A/D 



conversion is in progress. 

INT Active high output indicating A/D 

conversion complete. 

CS Active low chip select input. 

WR Write input, active low. 

RD Read input, active low 

CLK Clock input. Clock can be generated by 

tying a crystal from this pin to DGND or 
applying a clock directly to pin. 

Note: ALE (Address Latch Enable) for demultiplexing address and data 

information can be made available on request. Consult Micro Linear for 

more information 

Other pin-out options of the ML2377 are available on request. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltages (AV CC and DV C c) 6.0V 

Maximum Voltage Between AGND and DGND 1V 

Maximum Voltage Between AVcc and DV CC 0.3V 

Input Current per Pin ±25mA 

Package Dissipation @ 25°C 1W 

Lead Temperature (Soldering, 10 sec) 300°C 



OPERATING CONDITIONS 

Temperature Range 0°C to +70°C 

Supply Voltage (AV CC and DV C c) 4.5V DC to 6.0V DC 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation in not implied. 



ELECTRICAL CHARACTERISTICS 

The following specifications apply for AVcc = DV C c = +5V ±5%, AGND = DGND = 0V, T A = Operating Temperature 
Range VZ AD1 = VZ AD2 = VZ DA10 = VZ DA8 = VR AD = VR 8 = VR 10 = 2.5V, T A = T MIN to T MA x unless otherwise specified, 
C|_= 50pF for all digital outputs, VqutS and VqutIO ' oa d is Rl = 1 K and Cl = 100pF, and input control signals with 
t R = t F 20ns, f C LK= 11 MHz. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


A/D Converter, S/H and Multiplexer Performance 




Integral Linearity Error 


C Grade 






±3 


LSB 




B Grade 






±1 


LSB 




Differential Linearity Error 








±1 


LSB 




Converter Resolution 


Vref = 2.5V 


10 






Bits 




Zero Error 


VZ = 2.5V 






±3 


LSB 




Positive and 

Negative Full Scale Error 


Vref = 2.5V 






±3 


LSB 




Input Voltage Range 









Vcc 


V 




Vref Input Resistance 




1.5 




3.5 


kn 




Maximum Vref Input Voltage 


Referred to AGND 






2.6 


V 


'on 


On Channel Leakage Current 


0V < V| N < V CC 


-1 




1 


uA 


•off 


Off Channel Leakage Current 


0V < V| N < V CC 


-1 




1 


uA 


Con 


On Channel 
Input Capacitance 


0V < V, N < V CC 




20 




pF 


Qdff 


Off Channel 
Input Capacitance 


0V < V )N < V cc 




10 




pF 




Clock Duty Cycle 




30 




70 


% 


fdK 


Input Clock Frequency 




1 




11 


MHz 


tc 


Conversion Time 


Including S/H Acquisition Time 




22 




VfcLK 


*ACQ 


Acquisition Time 


Included in Conversion Time 




2 




VfCLK 
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ELECTRICAL CHARACTERISTICS (continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


10-Bit D/A Converter Performance 




Integral Linearity Error 


Vref = 2.5V 






±3 


LSB 




Differential Linearity Error 


Vref = 2.5 V 






±1 


LSB 




Settling Time 


Vref = 2V, Settling to 
±1/2LSB,±1 LSB Step 
4V Step (Note 1) 






2 
4 






Resolution 


Vref = 2.5V 


10 






Bits 




Zero Error 








±5 


LSB 




+ and - Full Scale Error 


Full Scale = 4V 






±10 


LSB 




Output Voltage Swing 


Vref = 2.5 V 


0.25 




V CC -0.25 


V 




Vref Input Resistance 


(ML2377 only) 




1 




MQ 


8-Bit D/A Converter Performance 




Integral Linearity Error 


Vref = 2.5V 






±1 


LSB 




Differential Linearity Error 


Vref = 2.5V 






±1 


LSB 




Settling Time 


Vref = 2V, Settling to 
±1/2LSB,±1 LSB Step 
4V Step (Note 1) 






2 
4 


lis 
us 




Resolution 


Vref = 2.5 V 


8 






Bits 




Zero Error 








±3 


LSB 




+ and - Full Scale Error 








±3 


LSB 




Output Voltage Range 


Vref = 2.5V 


0.25 




V CC -0.25 


V 




Vref Input Resistance 


(ML2377 only) 




1 




MQ 


DC Characteristics 




Logic Input Current 








±100 




IlL 


< V, N < V co MUXO-2, START, 
RESET, ALE 


uA 


'iN 


Logic Input Current 


< V, N < V CC 






±1 


UA 


'iNC 


Clock Input Current 


< V, N < v cc 






±200 


uA 


V, H 


Logic High 




2 






V 


V|L 


Logic Low 








0.8 


V 


V(CLK)H 


Clock High 


(CLK Pin) 


3.7 






V 


V (CLK)L 


Clock LOW 


(CLK Pin) 






1.8 


V 


'off 


Output Leakage Current 


CS = V, H , < Vqut < V CC 






±1 


uA 


Vol 


Output Low 


Iol = 2mA 






0.4 


V 


Voh 


Output High 


Iqh = -1 mA 


2.4 






V 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Current (V REF = 2.5V, No Output Load) 




No Input Switching 






10 


20 


mA 




Analog Ground Current 


Vref = 2.5V 






10 


mA 


Microprocessor Interface Read Cycle Timing 








100 








tST 


START Pulse Width 


ns 


*AD 


Address Stable to Data Valid 








55 


ns 


*ar 


Address Stable Before Read 




5 






ns 


tRA 


Address Hold After Read 




5 






ns 


tRR 


Read Pulse Width 




50 






ns 


*RD 


Data Valid from Read 








55 


ns 


tDF 


Read to Data Float 


(Note!) 






20 


ns 


*RV 


Recovery Time 
Between Reads 




25 






ns 


Microprocessor Interface Write Cycle Timing 


*AW 


Address Stable Before Write 




5 






ns 


tWA 


Address Hold After Write 




5 






ns 


tww 


Write Pulse Width 




50 






ns 


*DS 


Data Valid Before Write 




30 






ns 


*DH 


Data Hold After Write 




15 






ns 


tRV 


Recovery Time 
Between Writes 




25 






ns 


Microprocessor Interface Interrupt and Busy Timing 


tci 


Clock to Interrupt Active 








100 


ns 


tRI 


Read to Interrupt Inactive 








100 


ns 


tCB 


Clock to Busy Active 


(ML2377 Only) 






100 


ns 


tCB 


Clock to Busy Inactive 


(ML2377 Only) 






100 


ns 



Note 1 : Guaranteed by characterization and/or correlation to other test. 
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OUTPUT 
CODE 
(511)01 1111 1111 T 
(510)01 1111 1110- 



POSITIVE FULL-SCALE 
TRANSITION 



(2)00 0000 0010 
(1)00 0000 0001 



y 



r* 



J" 



-V z - (0)00 0000 0000- 

" (-1)1111111111 

(-2)11 1111 1110 



s 



NEGATIVE FULL-SCALE 
TRANSITION 



(-511)10 0000 0001 
(-512)10 0000 0000 
V FS = 0.8xV REF 




Figure 1 . Transfer Characteristics 



Figure 2. Gain and Offset Error 



VOUT 




SETTLED TO 

±1/2 LSB 



Figure 3. Settling Time 



A,CS 






-tRD- 
-+ tAD 



-L 



X 



3 f 



Jr 



Figure 4. Read Cycle Timing 



A,CS 



zx 



I~\ 



<-tRV** 



INVALID DATA 



X 



K 



x 



INVALID DATA 



Figure 5. Write Cycle Timing 
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FUNCTIONAL DESCRIPTION 



DEVICE TYPES 

The family consists of two different devices: 

1) TheML2375 

It is a 28 pin device that contains the basic 1 0-bit A/D 
converter, 1 0-bit D/A converter, 8-bit D/A converter 
and a 4 channel multiplexer. 

2) The ML2377 

It is a 6 channel version of ML2375. In addition, the 
BUSY, INT and multiplexer control pins are also 
available to the user. 

ANALOG INPUT AND OUTPUT VOLTAGES 

The ML2375 and ML2377 allow the analog input and 
output voltages to be referenced to a common point. 
Thus, the input voltage swing and the offset of the ADC 
and the output voltage swing and the offset of the DAC 
can be defined by the voltage applied at the commons, 
VZ A D1/ VZ AD2 , VZ DA io and VZ DA8 . 

The voltage at the common for the 1 0-bit D/A converter 
and the 8-bit D/A converter are defined by VZdmo ar| d 
VZqa8 respectively. For the A/D inputs, channel and 1 
common are defined by VZ^di • The common of the other 
channels (2 to 5) may be programmed to VZ A D2 dv setting 
the on-chip control register (see Table 3). 

The peak full scale voltage is defined by the reference 
voltages. 

V FS = 0.8 x V REF 

Figure 1 shows the transfer function of the ML2375 and 
ML2377 and the relationship between VZ and V F s- 

A/D CONVERTER OPERATION 

Input Multiplexer Addressing 

The input multiplexer is addressed with either the MUXO 
to MUX2 pins or the internal multiplexer address register. 
The MUXO to MUX2 pins are not latched, and control the 
addressing of the multiplexer directly. If control of the 
multiplexer is to be done from the microprocessor 
addressable mux control register, then all MUX pins 
should be tied to a logic high. This condition, which is an 
illegal mux address, will then route control of the 
multiplexer addressing to the internal register, which is 
under microprocessor control. 

ML2375 multiplexer can only be addressed via its on-chip 
multiplexer register. 

Simultaneous Sample/Hold Function 

The simultaneous sample/hold function is only available 
on channels and 1 . When addressing channel or 1 
with the external MUX pins or the internal register bits 
and starting a conversion, both channels will be sampled 
and held simultaneously. Two conversions will then 
proceed back to back, with the BUSY pin and status bit 
going active for two conversion times. The INT pin and 
status bit will go active after the completion of the first 



conversion. A read of the data register will then clear the 
INT pin and status bit. After the second conversion is 
completed, the INT pin and status bit will go active again, 
indicating the need for a read of the second result from 
the data register. If, however, the results of the first register 
are not read after the first conversion and before the 
second conversion, the INT pin and status bit remain 
active until the completion of the second conversion. The 
results of the first conversion remain in the data register, 
with the results of the second conversion stored in a 
holding register. After completion of the second 
conversion, which is indicated by the BUSY status bit or 
pin going inactive, both results can be obtained by 
successive reads of the data register. The INT pin and 
status bit are then cleared by the act of the second data 
register read. 

D/A CONVERTER OPERATION 

The D/A converters are updated beginning on the rising 
edge of the WR pin. Settling time is measured from this 
point. 

Microprocessor Interface 

The ML2375 is presented as four 1 0-bit registers to the 
microprocessor. These registers are addressed via the 
address pins A0 and A1 . The register map below describes 
the four registers. 

Converter Registers 

Table 1 . A/D Converter Register 



ADDRESS 00 




D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


Data Bit 


9 


8 


7 


6 


5 


4 


3 


2 


1 







Sign 


MSB 
















LSB 


Table 2. D/A Converter Register 


ADDRESS 01 




D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


D/A 10 


9 


8 


7 


6 


5 


4 


3 


2 


1 







Sign 


MSB 
















LSB 




ADDRESS 10 




D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


D/A 8 


7 


6 


5 


4 


3 


2 


1 











Sign 


MSB 












LSB 









ffj^ Micro Linear 



2-225 



ML2375, ML2377 



REGISTER DESCRIPTIONS 

Register Address 00 

This register holds the results of the 10-bit A/D conversion 
results when read. The converted results are in 2's 
complement form, where is the potential at the common 

pin. Reading of this register also clears the INT status bit 

and the deasserts the INT pin on the falling edge of the RD 
pin. 

Register Address 01 

When written, it receives the 10-bit digital value for the 
10-bit D/A converter. All codes are in 2's complement 
form, where the code indicates the potential at the 
VZdaio or VZ/Vref P ,n - This register can also be read, 
which returns the previously written value. 

Register Address 1 

This register receives the 8-bit digital value for the 8-bit D/ 
A converter. This value is also in 2's complement format. 
When read, it returns the previously written value. 8-bit 
data in this 10-bit register is left justified. 

Control Register 

This is the control register. Functions such as A/D 
conversion start, multiplexer control, and A/D converter 
status are included. 



D9 When VZ 5 = 1 , Channel 5 common = VZad2 

D8 When VZ 4 = 1 , Channel 4 common = VZ AD2 

D7 When VZ3 = 1, Channel 3 common = VZad2 

D6 When VZ2 = 1 , Channel 2 common = VZad2 

D5 INT. It is equivalent to the INT pin. It provides 

indication that a conversion is completed. 

D4 BUSY. This bit is A/D converter status bit which 
provides indication that a conversion is in 
progress. It is equivalent to the BUSY pin of the 
ML2377. 

D3 START. This bit has the same function as the 

START pin. When this bit receives a 1, it will start 
a conversion. After the conversion has started, this 
bit is cleared after 4 clock cycles. 



D2 MUX2. 


MUX address bit 2. 


D1 MUX1. 


MUX address bit 1 . 


DO MUXO. 


MUX address bit 0. 


CHIP RESET 





The chip is reset when a is presented to the RESET pin. 
All registers are reset to 0. Therefore, the D/A and the A/D 
converters are all at zero scale and the multiplexer select 
is addressed to channel 0. Additionally, VZ2-VZ5 are 
cleared in the control register. 



Table 3. Control Register 



ADDRESS 11 




D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


ML2375 














INT 


BUSY 


START 





MUX1 


MUXO 


ML2377 


VZ 5 


vz 4 


vz 3 


vz 2 


INT 


BUSY 


START 


MUX2 


MUX1 


MUXO 





Figure 6. Interrupt riming, ML2375, and ML2377 



Figure 7. BUSY Timing, ML2377 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


GRADE 


COMMENTS 


ML2375BCP 


28-Pin DIP (P28) 


B 


Multiplex Address and 


ML2375CCP 


28-Pin DIP (P28) 


C 


Data Bus 


ML2375BCQ 


28-Pin PLCC (Q28) 


B 




ML2375CCQ 


28-Pin PLCC (Q28) 


C 




ML2375BCR 


28-Pin SSOP (R28) 


B 




ML2375CCR 


28-Pin SSOP (R28) 


C 




ML2377BCQ 


44-Pin PLCC (Q44) 


B 


Additional Analog Inputs, 


ML2377CCQ 


44-Pin PLCC (Q44) 


C 


Individual \%f and Vzs 


ML2377BCH 


44-Pin TQFP (H44) 


B 




ML2377CCH 


44-Pin TQFP (H44) 


C 




ML2377BCG 


44-Pin QFP (G44) 


B 




ML2377CCG 


44-Pin QFP(G44) 


C 
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Section 3 



Selection Guide 3-1 

Gain/Attenuators 

ML2003 Logarithmic Gain/Attenuator 3-3 

ML2004 Logarithmic Gain/Attenuator 3-3 

ML2008 uP Compatible Logarithmic Gain/Attenuator 3-14 

ML2009 uP Compatible Logarithmic Gain/Attenuator 3-14 

Equalizers 

ML2020 Telephone Line Equalizer 3-23 

ML2021 Telephone Line Equalizer 3-34 

Tone Detectors 

ML2031 Tone Detector 3-45 

ML2032 Tone Detector 3-45 

Programmable Sinewave Generators 

ML2035 Programmable Sinewave Generator 3-53 

ML2036 Programmable Sinewave Generator 3-53 

Filters 

ML2110 Universal Dual Filter 3-65 

ML2111 Universal Hi-Frequency Dual Filter 3-84 
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Selection Guide 



Gain/Attenuators 



Part Number 


Gain Range 
(dB) 


Resolution 
(dB Steps) 


Noise 

(dBrnc 

@ Max Gain) 


Harmonic 

Distortion 

(dB) 


Digital 
Interface 


Power 
Supplies 

(V) 


Temperature 

Range 

C 1 


Package 


ML2003 


-24 to +24 


0.1 





-60 


Serial, 
Hard Wire 


±5 


X X 


18-Pin DIP 
20-Pin PLCC 


ML2004 


-24 to +24 


0.1 





-60 


Serial 


±5 


X X 


14-Pin DIP 


ML2008 


-24 to +24 


0.1 





-60 


8-Bit (J.P 


±5 


X X 


18-Pin DIP 
20-Pin PLCC 


ML2009 


-24 to +24 


0.1 





-60 


1 6-Bit uP 


±5 


X X 


18-Pin DIP 
20-Pin PLCC 



Equalizers 



Part Number 


Frequency 
Response 
Adjustable 


Idle Channel 
Noise 
(dBrnc) 


Harmonic 

Distortion 

(dB) 


Comment 


Interface 
Interface 


Power 
Supplies 

(V) 


Temperature 

Range 

C 1 


Package 


ML2020 


Slope, 
Height 
Bandwidth 


8 


-48 


60Hz 
Rejection 


Serial 


±5 


X X 


16-Pin DIP 
18-Pin SOIC 


ML2021 


Slope, 
Height 
Bandwidth 


8 


-48 


Group 
Delay 
Optimized 


Serial 


±5 


X X 


16-Pin DIP 
18-Pin SOIC 



Tone Detectors 



Part Number 


Detect 
Frequency 

(Hz) 


Dynamic 

Range Detect 

(dBm) 


Frequency 

Template 

(Hz) 


Comment 


Power 
Supplies 

(V) 


Temperature 

Range 

C 1 


Package 


ML2031 


1 K to 4K 


-34 to +6 


Detect ±10 
No Detect ±36 


Exceed Bell Pub 43004 
Clock Outputs of 
CLK| N +2, -8 


±5 


X X 


8-Pin DIP 


ML2032 


1 K to 4K 


-34 to +6 


Detect ±10 
No Detect ±36 


Exceed Bell Pub 43004 
Uncommitted Op Amp 


±5 


X X 


8-Pin DIP 
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Programmable Sinewave Generators 



Part 
Number 


Frequency 
Range 

(Hz) 


Min 
Resolution 

(Hz) 


Gain 
Error 
(dB) 


Harmonic 

Distortion 

(dB) 


Comment 


Digital 
Interface 


Power 
Supplies 

(V) 


Temperature 

Range 

C I 


Package 


ML2035 


DC to 25K 


±0.75 


±0.1 


-45 


Voltage 
Amplitude V cc /2 


Serial 


±5 


X X 


8-Pin DIP 


ML2036 


DC to 50K 


±0.75 


±0.1 


-45 


Adj. Voltage 
Amplitude, 
Clock Outputs of 
CLK||s| -j-2, -f-8 


Serial 


±5 


X X 


14-Pin DIP 
16-Pin SOIC 



Switched Ca 


pacitor Filters 












Part Number 


No. of 
Sections 


f Q Range 

(Hz) 


fo/fcLK 

Ratio 


fo Tempco 
(ppm/°C) 


Power 
Supplies (V) 


Temp. Range 
C 1 


Package 


ML2110 


2 


25 to 30K 


100,50:1 


20 


±2.5 to ±5 


X X 


20-Pin DIP 
20-Pin SOIC 


ML2111 


2 


25to150K 


100,50:1 


20 


±2.5 to ±5 


X X 


20-Pin DIP 
20-Pin SOIC 
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Logarithmic Gain/Attenuator 



GENERAL DESCRIPTION 

The ML2003 and ML2004 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to 
+24dB in 0.1dB steps. 

The gain settings are selected by a 9-bit digital word. 
The ML2003 digital interface is either parallel or serial. 
The ML2004 is packaged in a 14-pin DIP with a serial 
interface only. 

Absolute gain accuracy is 0.05dB max over supply 
tolerance of ±10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed 
for a wide variety of applications in telecom, audio, 
sonar, or general purpose function generation. One 
specific intended application is analog telephone lines. 



FEATURES 



Low noise dBrnc max with +24dB gain 

Low harmonic distortion -60dB max 

Gain range 

Resolution 

Flat frequency response 



-24 to +24dB 
0.1dB steps 
±.05dB from 3-4kHz 
±.10dB from .1-20kHz 
Low supply current 4mA max from ±5V supplies 
TTL/CMOS compatible digital interface 
ML2003 has pin selectable serial or parallel 
interface; ML2004 serial interface only 
Standard 14-pin or 18-pin 0.3" center DIP or 20- 
pin molded chip carrier package 



BLOCK DIAGRAM 



PIN CONNECTIONS 



VinC 




>V UT 



DECODER/MODE SELECTOR 



(LATI)l 



(STOP 



ATTEN / 
CAIN 



O 
F1 



ML2003 
18-PIN DIP 



o[ 1 

(LATI)C2 [ 2 

(SID)C1 [ 3 

(LATO)CO [ 4 

PDN [ 5 

F3[ 6 

(SCK)F2 [ 7 

F1 [ 8 

GND[ 9 



5SER/PAR 



> 



9-BIT LATCH & 
SHIFT REGISTER 



D CO 
J (LATO) 

-> F0 

(SOD) 



(SCK) 



NOTE: SERIAL MODE FUNCTIONS INDICATED BY PARENTHESES. 



T7 



18 ] ATTEN/GAJN 

17 2 V CC 

16 ]V UT 

15 ] V SS 

14 ] A GND 

13 ] V| N 

12 ] NC 

11 ] F0 (SOD) 

10 ] SER/PAR 



ML2003 
20-PIN PCC 



-e fc 



coo?> u 

,.jc1mQ j-j,n n 



ML2004 
14-PIN DIP 



LATI [ 1 

SID [ 2 

LATO £ 3 

PDN [ 4 

SCK [ 5 

NC [] 6 

GND [ 7 



T^" 



CO (LATO) E 4 

NC [ 5 

PDN [6 

F3 [ 7 

F2 (SCK) [ 8 



14 ] V C C 

13 ] VoUT 

12 ] Vss 

11 ] A GND 

10 ] Vin 

9 ] NC 

8 ] SOD 



3 2 1 20 19 



] Vout 
3 V S s 
] A GND 

] NC 
] NC 



° IS Q S 

5 It" 

S2 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



C3 In serial mode, pin is unused. In parallel 

mode, coarse gain select bit. Pin has 
internal pulldown resistor to GND. 

(LATI) C2 In serial mode, input latch clock which 
loads the data from the shift register 
into the latch. In parallel mode, coarse 
gain select bit. Pin has internal 
pulldown resistor to GND. 

(SID) CI In serial mode, serial data input that 
contains serial 9 bit data word which 
controls the gain setting. In parallel 
mode, coarse gain select bit. Pin has 
internal pulldown resistor to GND. 
(LATO) CO In serial mode, output latch clock which 
loads the 9 bit data word back into the 
shift register from the latch. In parallel 
mode, coarse gain select bit. Pin has 
internal pulldown resistor to GND. 

Pdn Powerdown input. When Pqn = X device 

is in powerdown mode. When Pdn = 0, 
device is in normal operation. Pin has 
internal pulldown resistor to GND. 

F3 In serial mode, pin is unused. In parallel 

mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 
(SCK) F2 In serial mode, shift register clock 

which shifts the serial data on SID into 
the shift register on rising edges and 
out on SOD on falling edges. In parallel 
mode, fine gain select bit. Pin has 
internal pulldown resistor to GND. 



F1 



In serial mode, pin is unused. In 
parallel mode, fine gain select bit. Pin 
has internal pulldown resistor to GND. 

Digital ground. volts. All digital inputs 

and output are referenced to this 

ground. 

Seri al or parallel select input. When 

SER/PAR = 1, de vice is in serial mode. 

When SER/PAR = 0, device is in parallel 

mode. Pin has internal pullup resistor to 

Vco 

In serial mode, serial output data which 

is the output of the shift register. In 

parallel mode, fine gain select bit. Pin 

has internal pulldown resistor to GND. 

Analog input. 

Analog ground. volts. Analog input 
and output are referenced to this 
ground. 

Negative supply. -5 volts ±10%. 
Analog output. 

Positive supply. +5 volts ±10%. 
ATTEN/GAIN In serial mode, pin is unused. In 

parallel mode, attenuation/gain select 
bit. Pin has internal pulldown resistor to 
GND. 



GND 



SER/PAR 



(SOD) F0 



Vin 
AGND 



Vss 

VOUT 

Vcc 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

V cc +6.5V 

V ss -6.5V 

AGND with respect to GND ±.5V 

Analog Input and Output V ss - 0.3V to V cc + 0.3V 

Digital Inputs and Outputs GND - 0.3V to V cc + 0.3V 

Input Current Per Pin ±25mA 

Power Dissipation 750mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering, 10 sec) 300°C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2003CP, ML2004CP, ML2004CQ 0°C to +70°C 

ML2003IJ, ML2004IJ -40°C to +85°C 

Supply Voltage 

V cc 4V to 6V 

V ss -4V to -6V 
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ELECTRICAL CHARACTERISTICS 



Unless otherwise specified T A = T M in to T MAX , V CC = 5V ±10%, V ss = -5V ±10%, Data Word: ATTEN/GAIN = 1, 
Other Bits = (OdB Ideal Gain), C L = 100pF, R L = 600Q, SCK = LATI = LATO = 0, dBm measurements use 600O as 
reference load, digital timing measured at 1.4V. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



Analog 



AG 


Absolute gain accuracy 


4 


V, N = 8dBm, 1kHz 


-0.05 




-KJ.05 


dB 


RG 


Relative gain accuracy 


4 


100000001 

000000000 

000000001 

All other gain settings 

All values referenced to 100000000 gain 

when ATTEN/GAIN = 1, V IN = 8dBm 

when ATTEN/GAIN = 0, 

V, N = (8dBm - Ideal Gain) in dB 


-.05 
-.05 
-.05 
-0.1 




+.05 
+.05 
+.05 
+0.1 


dB 
dB 
dB 
dB 


FR 


Frequency response 


4 


300-4000Hz 
100-20,000 Hz 
Relative to 1kHz 


-0.05 
-0.1 




+0.05 
+0.1 


dB 
dB 


VOS 


Output Offset Voltage 


4 


V, N = 0, +24dB gain 






±100 


mV 


ICN 


Idle Channel Noise 


4 
5 


V IN = 0, +24dB gain, C msg. Weighted 
V, N = 0, +24dB gain, 1kHz 




-6 
450 



900 


dBrnc 
nvA/Rz 


HD 


Harmonic Distortion 


4 


V, N = 8dBm, 1kHz 

Measure 2nd, 3rd harmonic relative 

to fundamental 






-60 


dB 


SD 


Signal to Distortion 


4 


V, N = 8dBm, 1kHz. 
C msg. weighted 


+60 






dB 


PSRR 


Power Supply Rejection 


4 


200m V p .p, 1kHz sine, V, N = 
on V cc 
on V S s 




-60 
-60 


-40 
-40 


dB 
dB 


Z IN 


Input Impedance, V| N 


4 




1 






Meg 


V INR 


Input Voltage Range 


4 




±3.0 






V 


V OSW 


Output Voltage Swing 


4 




±3.0 






V 



Digital and DC 














V,L 


Digital Input Low Voltage 


4 








.8 


V 


V.H 


Digital Input High Voltage 


4 




2.0 






V 


Vol 


Digital Output Low Voltage 


4 


Iql = 2mA 






.4 


V 


Voh 


Digital Output High Voltage 


4 


Ioh = -1mA 


4.0 






V 


! NS 


Input Current, SER/R\R 


4 


V IH = GND 


-5 




-100 


M 


•nd 


Input Current, All Digital 
Inputs Except SER/PAR 


4 


V| H = V cc 


5 




100 


M 


Ice 


V cc Supply Current 


4 


No output load, V| L = GND, 
V, H = Vcc V, N = 






4 


mA 


Iss 


V S s Supply Current 


4 


No output load, V, L = GND, 
V, H = V co V, N = 






-4 


mA 


'ccp 


V cc Supply Current, 
Powerdown Mode 


4 


No output load, V !L = GND, 
V, H = V CC 






.5 


mA 


■ssp 


V ss Supply Current 
Powerdown Mode 


4 


No output load, V !L = GND, 
V,h = V CC 






-.1 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = Tmin to Tmax> Vcc = 5V ±10%, Vss = 
Other Bits = (OdB Ideal Gain), C L = lOOpF, R L = 600Q, SCK = LATI = 
reference load, digital timing measured at 1.4V. Q = lOOpF or SOD. 



-5V ±10%, Data Word: ATTEN/GAIN = 1, 
LATO = 0, dBm measurements use 600Q as 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


AC Characteristics 


tSET 


Vqut Settling Time 


4 


V iN = 0.185V. Change gain from -24 to 
+24dB. Measure from LATI rising edge 
to when Vqut settles to within 0.05dB 
of final value. 






20 


flS 


*STEP 


Vqut Step Response 


4 


Gain = +24dB. V, N = -0.185V to +0.185V 
step. Measured when Vqut settles to 
within 0.05dB of final value. 






20 


JJS 


l SCK 


SCK On/Off Period 


4 




250 






ns 


ts 


SID Data Setup Time 


4 




50 






ns 


tH 


SID Data Hold Time 


4 




50 






ns 


t D 


SOD Data Delay 


4 









125 


ns 


t|PW 


LATI Pulse Width 


4 




50 






ns 


tOPW 


LATO Pulse Width 


4 




50 






ns 


l is> *os 


LATI, LATO Setup Time 


4 




50 






ns 


t|H> { OH 


LATI, LATO Hold Time 


5 




50 






ns 


tpLD 


SOD Parallel Load Delay 


4 









125 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 

otherwise specified are measured with respect to ground. 
Note 2: 0°C to 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 

guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 
Note 5: Parameter guaranteed, parameters not 100% tested are not in outgoing quality level calculation. 



TIMING DIAGRAM 



f 



~\. 



X 



F^^-F~\ 



K 



X 



X 



X 



-*■ *is -**- 



«*t,„ +* 



f~\ 



r~\ 



X 



* tos*- 



•**OH*- 



x5 



X 



TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT. 

Figure 1. Serial Mode Timing Diagram 
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TYPICAL PERFORMANCE CURVES 
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Figure 2. Amplitude vs Frequency (Vin/Vqut = »5Vrms) 



Figure 3. Amplitude vs Frequency (Vin/Vqut = 2Vrms) 
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Figure 4. Output Noise Voltage vs Frequency 



Figure 5. Cmsg Output Noise vs Gain Setting 
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Figure 6. Cmsg S/N vs Gain Setting 



Figure 7. Gain Error vs Gain Setting 



fij^ Micro Linear 



3-7 



ML2003, ML2004 



TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 8. S/N + D vs Cain Setting (Vim/Vqut = 2V RMS ) 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2003 consists of a coarse gain stage, a fine gain 
stage, an output buffer, and a serial/parallel digital 
interface. 

1.1 Gain Stages 

The analog input, Vin, goes directly into the op amp 
input in the coarse gain stage. The coarse gain stage 
has a gain range of to 22.5dB in 1.5dB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of to 1.5dB in 
0.1 dB steps. 

In addition, both sections can be programmed for 
either gain or attenuation, thus doubling the effective 
gain range. 

The logarithmic steps in each gain stage are generated 
by placing the input signal across a resistor string of 16 
series resistors. Analog switches allow the voltage to be 
tapped from the resistor string at 16 points. The resistors 
are sized such that each output voltage is at the proper 
logarithmic ratio relative to the input signal at the top 
of the string. Attenuation is implemented by using the 
resistor string as a simple voltage divider, and gain is 
implemented by using the resistor string as a feedback 
resistor around an internal op amp. 

1.2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain 
from -24dB to +24dB in 0.1dB steps can be obtained by 



combining the coarse and fine gain settings to yield the 
desired gain setting. The relationship between the 
digital select bits and the corresponding analog gain 
values is shown in Tables 1 and 2. Note that C3-C0 
selects the co arse gain, F3-F0 selects the fine gain, and 
ATTEN/GAIN selects either attenuation or gain. 

1.3 Output Buffer 

The final analog stage is the output buffer. This 
amplifier has internal gain of 1 and is designed to 
drive 600 ohms and 100pF loads. Thus, it is suitable 
for driving a telephone hybrid circuit directly without 
any external amplifier. 

1.4 Power Supplies 

The digital section is powered between Vcc and GND, 
or 5 volts. The analog section is powered between Vcc 
and Vss and uses AGND as the reference point, or ±5 
volts. 

GND and AGND are totally isolated inside the device 
to minimize coupling from the digital section into the 
analog section. However, AGND and GND should be 
tied together physically near the device and ideally 
close to the common power supply ground 
connection. 

Typically, the power supply rejection of Vcc and Vss 
to the analog output is greater than -60dB at 1kHz. If 
decoupling of the power supplies is still necessary in a 
system, Vcc and Vss should be decoupled with 
respect to AGND. 
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FUNCTIONAL DESCRIPTION (Continued) 
Table 1. Fine Gain Settings (C3-C0 = 0) 



Table 2. Coarse Gain Settings (F3-F0 = 0) 
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1.5 Powerdown Mode 

A powerdown mode can be selected with pin Pdn- 
When Pdn = 1, the device is powered down. In this 
state, the power consumption is reduced by removing 
power from the analog section and forcing the analog 
output, Vqutj to a h'gh impedance state. While the 
device is in powerdown mode, the digital section is still 
functional and the current data word remains stored in 
the latch when in serial mode. When Pdn = 0, the 
device is in normal operation. 

1.6 Digital Section 

The ML2003 can be operated with a serial or parallel 
interface. T he S ER/PAR pin selects the desired interface. 
When SER/PAR = 1, the serial mode is selected. When 
SER/PAR = 0, the parallel mode is selected. The ML2004 
digital interface is serial only. 

1.6.1 Serial Mode 

Serial mode is selected by setting SER/PAR pin high. 
The serial interface allows the gain settings to be set 
from a serial data word. 

The timing for the serial mode is shown in Figure 10. 
The serial input data, SID, is loaded into a shift register 
on rising edges of the shift clock, SCK. The data can be 
parallel loaded into a latch when the input latch signal, 
LATI, is high. The LATI pulse must occur when SCK is 
low. In this way, a new data word can be loaded into 
the shift register without disturbing the existing data 
word in the latch. 

The parallel outputs of the latch control the 
attenuation/gain setting. The order of the data word 
bits in the latch is shown in Figure 11. Note that bit is 
the first bit of the data word clocked into the shift 
register. Tables 1 and 2 describe how the data word 
programs the gain. 



The device also has the capability to read out the data 
word stored in the latch. This can be done by parallel 
loading the data from the latch back into the shift 
register when the latch signal, LATO, is high. The LATO 
pulse must occur when SCK is low. Then, the data 
word can be shifted out of the shift register serially to 
the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done 
continuously or in bursts. Since the shift register and latch 
circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. 
However, there is coupling (typically less than 1CX)jnV) of the 
digital signals into the analog section. This coupling can be 
minimized by clocking the data bursts in during noncritical 
intervals or at a frequency outside the analog frequency 
range. 

1.6.2 Parallel Mode 

The parallel mode is selected by setting SER/PAR pin 
low. The parallel interface allows the gain settings to be 
set with external switches or from a parallel 
microprocessor interface. 

In parallel mode, the shift register and latch are 
bypassed and connections are made direct ly to the gain 
select bits with external pins ATTEN/GAIN, C3-C0, and 
F3-F0. Tables 1 and 2 desc ribe h ow these pins program 
the gain. The pins ATTEN/GAIN, C3-C0, and F3-F0 have 
internal pulldown resistors to GND. The typical value of 
these pulldown resistors is 100kO. 



j^ Micro Linear 



3-9 



ML2003, ML2004 



FUNCTIONAL DESCRIPTION (Continued) 
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Figure 10. Serial Mode Timing 
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Figure 11. 9-Bit Latch 
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APPLICATIONS 
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Figure 12. Typical Serial Interface 
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Figure 13. Typical //P Parallel Interface 
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APPLICATIONS (Continued) 
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Figure 16. Analog AGC 



Figure 17. Digitally Controlled Volume Control 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2003IJ 


-40°C to +85°C 


HERMETIC DIP (J18) 


ML2003IP 


-40°C to +85°C 


MOLDED DIP (P18) 


ML2003IQ 


-40°C to +85°C 


MOLDED PCC (Q20) 


ML2003CP 


0°C to +70°C 


MOLDED DIP (P18) 


ML2003CQ 


-40°C to +85°C 


MOLDED PCC (Q20) 


ML2004IJ 


-40°C to +85°C 


HERMETIC DIP (J14) 


ML2004IP 


-40°C to +85°C 


MOLDED DIP (P14) 


ML2004CP 


0°C to +70°C 


MOLDED DIP (P14) 
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jllP Compatible Logarithmic Gain/Attenuator 



GENERAL DESCRIPTION 

The ML2008 and ML2009 are digitally controlled 
logarithmic gain/attenuators with a range of -24 to +24dB 
in 0.1 dB steps. 

Easy interface to microprocessors is provided by an input 
latch and control signals consisting of chip select and 
write. 

The interface for gain setting of the ML2008 is by an 8-bit 
data word, while the ML2009 is designed to interface to a 
1 6-bit data bus with a single write operation by hard- 
wiring the gain/attenuation pin or LSB pin. The ML2008 
can be power downed by the microprocessor utilizing a 
bit in the second write operation. 

Absolute gain accuracy is 0.05dB max over supply 
tolerance of ±10% and temperature range. 

These CMOS logarithmic gain/attenuators are designed for 
a wide variety of applications in telecom, audio, sonar or 
general purpose function generation. 



FEATURES 



Low noise 

Low harmonic distortion 

Gain range 

Resolution 

Flat frequency response 



OdBrnc max with +24dB gain 

-60dB max 

-24 to +24dB 

0.1 dB steps 

±0.05dB from 0.3-4kHz 
±0.1 OdB from 0.1 -20kHz 

Low supply current 4mA max from ±5V supplies 

TTL/CMOS compatible digital interface 

ML2008 is designed to interface to an 8-bit data bus; 
ML2009 to 1 6-bit data bus 

Standard 18-pin 0.3" center DIP or 20-pin molded chip 
carrier package 
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PIN CONFIGURATION 



ML2008 
18-Pin DIP (P1 8) 



ML2009 
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PIN DESCRIPTION 

NAME FUNCTION 



V S s Negative supply. -5Volts ±1 0% 

V cc Positive supply. 5 Volts ±1 0% 

GND Digital ground. OVolts. All digital 

inputs are referenced to this ground. 

AGND Analog ground. OVolts. Analog input 

and output are referenced to this 
ground. 



V|N 


Analog input 


V OUT 


Analog output 


D8 


Data bit, ATTEN/GAIN 


D7 


Data bit, C3 


D6 


Data bit, C2 


D5 


Data bit, C1 


D4 


Data bit, CO 



NAME 


FUNCTION 


D3 


Data bit, F3 


D2 


Data bit, P DN , F2 ML2008; F2 ML2009 


D1 


Data bit, F0, F1 ML2008; F1 ML2009 


DO 


Data bit, F0 ML2009 only 


WR 


Write enable. This input latches the 
data bits into the registers on rising 
edges of WR. 



CS Chip select. This input selec ts th e 

device by only allowing the WR signal 
to latch in data when CS is low. 

A0 Address select. This input determines 

(ML2008 only) which data word is being written into 
the registers. 
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ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Supply Voltage 

V cc +6.5V 

V SS . -6.5V 

AGND with Respect to GND V cc to V ss 

Analog Inputs and Outputs V$s -0.3V to V cc +0.3V 

Digital inputs and Outputs ... GND -0.3V to V cc +0.3V 

Input Current Per Pin ±25mA 

Power Dissipation 750mW 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 

Temperature Range (Note 2) 

ML2008CP, ML2009CP 0°C to +70°C 

ML2008CQ, ML2009CQ 0°C to +70°C 

ML2008IJ, ML2009IJ -40°C to +85°C 

Supply Voltage 

V C c 4Vto6V 

V ss -4V to -6V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta. = T MiN to T MAX/ V cc = 5V ±1 0%, V ss = -5V ±1 0%, Data Word: D8 (ATTEN/GAIN) = 1 , 
Other Bits = 0, (OdB Ideal Gain), C L = 100pF, R L = 600Q, dBm measurements use 600Q as reference load, digital timing 
measured at 1 .4V. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



Analog 



AG 


Absolute Gain Accuracy 


4 


V, N = 8dBm, 1kHz 


-0.05 




+0.05 


dB 


RG 


Relative Gain Accuracy 


4 


100000001 

000000000 

000000001 

All other gain settings 

All values referenced to 100000000 

gain when D8 (ATTEN/GAIN) = 1, 

V, N = 8dBm when D8 (ATTEN/GAIN) = 0, 

V iN = (8dBm - Ideal Gain) in dB 


-0.05 
-0.05 
-0.05 
-0.1 




+0.05 
+0.05 
+0.05 
+0.1 


dB 
dB 
dB 
dB 


FR 


Frequency Response 


4 


300-4000Hz 
100-20,000Hz 
Relative to 1 kHz 


-0.05 
-0.1 




+0.05 
+0.1 


dB 
dB 


Vos 


Output Offset Voltage 


4 


V| N = 0, +24dB gain 






±100 


mV 


>CN 


Idle Channel Noise 


4 
5 


Vin = 0/ +24dB, C msg weighted 
V, N = 0,+24dB, 1kHz 




-6 

450 



900 


dBrnc 

nv/VHz 


HD 


Harmonic Distortion 


4 


V, N = 8dBm, 1kHz 

Measure 2nd, 3rd, harmonic relative 

to fundamental 






-60 


dB 


SD 


Signal to Distortion 


4 


V, N = 8dBm, 1kHz 
C msg weighted 


+60 






dB 


PSRR 


Power Supply Rejection 


4 


200mV P .p, 1 kHz sine, V (N = 
on Vcc 
on V ss 




-60 
-60 


-40 
-40 


dB 
dB 


Z|N 


Input Impedance, V| N 


4 




1 






Meg 


V|NR 


Input Voltage Range 


4 




±3.0 






V 


v osw 


Output Voltage Swing 


4 




±3.0 






V 
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ELECTRICAL CHARACTERISTICS (Continued) 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



Digital and DC 



AC Characteristics 



MAX 



UNITS 



V,L 


Digital Input Low Voltage 


4 








0.8 


V 


V| H 


Digital Input High Voltage 


4 




2.0 






V 


'in 


Input Current, Low 


4 


V, H = GND 






-10 


|IA 


'in 


Input Current, High 


4 


V|H = V CC 






10 


tiA 


Ice 


Vcc Supply Current 


4 


No output load, V| L = GND, 
V| H = Vco v, N = o 






4 


mA 


"ss 


Vss Supply Current 


4 


No output load, V !L = GND, 
Vih = Vco v, N = o 






-4 


mA 


'ccp 


V cc Supply Current, ML2008 
Powerdown Mode Only 


4 


No output load, V| L = GND, 
V,h = V C c 






0.5 


mA 


'ssp 


V ss Supply Current, ML2008 
Powerdown Mode Only 


4 


No output load, V !L = GND, 

v, H = v cc 






-0.1 


mA 



tSET 


Vout Settling Time 


4 


V|n = 0.1 85V. Change gain from -24 
to +24dB. Measure from WR rising 
edge to when Vout settles to within 
0.05dB of final value. 






20 


U.S 


tSTEP 


Vout Step Response 


4 


Gain = +24dB. V| N = -3V to +3V step. 
Measure from V|n = -3V to when Vqut 
settles to within 0.05dB of final value. 






20 


U.S 


tDS 


Data Setup Time 


4 




50 






ns 


*DH 


Data Hold Time 


4 




50 






ns 


tAS 


A0 Setup Time 


4 











ns 


tAH 


A0 Hold Time 


4 











ns 


tcss 


CS* Setup Time 


4 











ns 


tcSH 


CS* Hold Time 


4 











ns 


tpw 


WR* Pulse Width 


4 




50 






ns 



Note 1 : Absolute maximum ratings are limits beyond 

respect to ground 
Note 2: 0°C to +70°C and -40°C to +85°C operating 

correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 1 00% production 
Note 5: Parameter guaranteed Parameters not 100% 



which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 
temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 



tested. 

tested are not in outgoing quality level calculation. 
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TIMING DIAGRAM 
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Figure 2. Amplitude vs Frequency 

(V,n/Vout = 0.5V RMS ) 
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Figure 3. Amplitude vs Frequency 

(V, n /Vout = 2V rms ) 
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Figure 4. Output Noise Voltage vs Frequency 



Figure 5. Cmsg Output Noise vs Gain Setting 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 6. Cmsg S/N vs Gain Setting 



Figure 7. Gain Error vs Gain Setting 
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Figure 8. S/N +D vs Gain Setting (V, n /V ut = 2V RMS ) 
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Figure 9. S/N +D vs Gain Setting (V| N /Vout = 0.5V RMS ) 



1.0 FUNCTIONAL DESCRIPTION 

The ML2008, ML2009 consists of a coarse gain stage, a 
fine gain stage, an output buffer, and a fiP compatible 
parallel digital interface. 

1 .1 Gain Stages 

The analog input, V^, goes directly into the op amp input 
in the coarse gain stage. The coarse gain stage has a gain 
range of to 22.5dB in 1 .5dB steps. 

The fine gain stage is cascaded onto the coarse section. 
The fine gain stage has a gain range of to 1 .5dB in 0.1 dB 
steps. 

Both stages can be programmed for either gain or 
attenuation, thus doubling the effective gain range. 



The logarithmic steps in each gains stage are generated by 
placing the input signal across a resistor string of 1 6 series 
resistors. Analog switches allow the voltage to be tapped 
from the resistor string at 1 6 points. The resistors are sized 
such that each output voltage is at the proper logarithmic 
ratio relative to the input signal at the top of the string. 
Attenuation is implemented by using the resistor string as 
a simple voltage divider, and gain is implemented by 
using the resistor string as a feedback resistor around an 
internal op amp. 

1 .2 Gain Settings 

Since the coarse and fine gain stages are cascaded, their 
gains can be summed logarithmically. Thus, any gain from 
-24dB to +24dB in 0.1 dB steps can be obtained by 
combining the coarse and fine gain setting to yield the 
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desired gain setting. The relationship between the register 
and 1 bits and the corresponding analog gain values is 

shown in Tables 1 and 2. Note that C3-C0 select the 

coarse gain, F3-F0 select the fine gain, and ATTEN/GAIN 
selects either gain or attenuation. 

1.3 Output Buffer 

The final analog stage is the output buffer. This amplifier 
has internal gain of 1 and is designed to drive 600Q, 
100pF loads. Thus, it is suitable for driving a telephone 
hybrid circuit directly without any external amplifier. 



1 .4 Power Supplies 

The digital section is powered between Vcc and GND, 
or 5V. The analog section is powered between Vcc and 
Vss and uses AGND as the reference point or ±5V. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100uY. However, AGND 
and GND should be tied together physically near the 
device and ideally close to the common power supply 
ground connection. 

Typically, the power supply rejection of Vcc an d Vss 
to the analog output is greater than -60dB at 1 KHz. If 
decoupling of the power supplies is still necessary in a 
system, Vcc ar| d v ss should be decoupled with respect 
to AGND. 



Table 1 . Fine Gain Settings (C3 - CO = 0) 



Table 2. Coarse Gain Settings (F3 - F0 = 0) 











Ideal Gain (dB) 










Ideal Gain (dB) 


F3 


F2 


F1 


F0 


ATTEN/GAIN = 1 


ATTEN/GAIN = 


C3 


C2 


a 


CO 


ATTEN/GAIN = 1 


ATTEN/GAIN = 














0.0 


0.0 














0.0 


0.0 











1 


-0.1 


0.1 











1 


-1.5 


1.5 








1 





-0.2 


0.2 








1 





-3.0 


3.0 








1 


1 


-0.3 


0.3 








1 


1 


-4.5 


4.5 





1 








-0.4 


0.4 





1 








-6.0 


6.0 





1 





1 


-0.5 


0.5 





1 





1 


-7.5 


7.5 





1 


1 





-0.6 


0.6 





1 


1 





-9.0 


9.0 





1 


1 


1 


-0.7 


0.7 





1 


1 


1 


-10.5 


10.5 













-0.8 


0.8 













-12.0 


12.0 










1 


-0.9 


0.9 










1 


-13.5 


13.5 







1 





-1.0 


1.0 







1 





-15.0 


15.0 







1 


1 


-1.1 


1.1 







1 


1 


-16.5 


16.5 




1 








-1.2 


1.2 




1 








-18.0 


18.0 




1 





1 


-1.3 


1.3 




1 





1 


-19.5 


19.5 




1 


1 





-1.4 


1.4 




1 


1 





-21.0 


21.0 




1 


1 


1 


-1.5 


1.5 




1 


1 


1 


-22.5 


22.5 



2.0 DIGITAL INTERFACE 

The architecture of the digital section is shown in the 
preceding black diagram. 

The structure of the data registers or latches is shown in 
Figures 10 and 11 for the ML2008 and ML2009, 
respectively. The registers control the attenuation/gain 
setting bits and with the ML2008 the power down bit. 

Tables 1 and 2 describe how the data word programs the 
gain. 

The difference between the ML2008 and ML2009 is in the 
register structure. The ML2008 is an 8-bit data bus 
version. This device has one 8-bit register and one 2-bit 
register to store the 9 gain setting bits and 1 powerdown 
bit. Two write operations are necessary to program the full 
1 data bits from eight external data pins. The address pin 
A0 controls which register is being written into. The 
powerdown bit, PDN, causes the device to be placed in 
powerdown. When PDN = 1, the device is powered 



down. In this state, the power consumption is reduced by 
removing power from the analog section and forcing the 
analog output, VquT/ to a high impedance state. While the 
device is in powerdown, the digital section is still 
functional and the current data word remains stored in the 
registers. When PDN = 0, device is in normal operation. 

The ML2009 is a 9-bit data bus version. This device has 
one 9-bit register to store the 9 gain setting bits. The full 9 
data bits can be programmed with one write operation 
from nine external data pins. 

The internal registers or latches are edge triggered. The 
data is transferred from the external pins to the register 
output on the rising edge of WR. The address pin, A0, 
controls which register the data will be written into as 
shown in Figures 1 and 2. The CS control signal selects 
the device by_allowing the WR signal t o latc h in the data 
only when CS is low. When CS is high, WR is inhibited 
from latching in new data into the registers. 
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D8 D7 D6 D5 D4 D3 D2 D1 BIT 

AO = | ATTEN/GAJN I C3 I C2 J C1 I CO J F3 I F2 I F1 | REG 

A.-1 I I I I I I ^N|lT|«iC1 



D8 D7 D6 D5 D4 D3 D2 D1 DO BIT 



ATTEN/GAIN C3 C2 CI CO F3 F2 F1 FO REG 



Figure 10. ML2008 Register Structure 



Figure 1 1 . ML2009 Register Structure 
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Figure 12. Typical 8-Bit |iP Interface, Double Write 



Figure 13. Typical 8-Bit jxP Interface, Single Write 
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Figure 14. Typical 16-Bit jxP Interface 



Figure 15. AGC for DSP or Modem Front End 
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+5V 

o 



D1-D8 CSAO 



V|N 



T r 



> VoUT 



AO 
WR 



HP 



t^Xf 



D1-D8 CS AO 






A" 



ADDRESS a- 

V D 
E 
R 



Figure 1 6. Operation as Logarithmic D/A Converter 



Figure 17. Controlling Multiple Gain/Attenuators 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML2008IJ 
ML2008IP 
ML2008IQ 


-40°C to 85°C 
-40°C to 85°C 
-40°C to 85°C 


Hermetic Dip (J1 8) 
Molded Dip (P1 8) 
Molded PCC (Q20) 


ML2008CP 
ML2008CQ 


0°C to +70°C 
0°C to +70°C 


Molded Dip(P18) 
Molded PCC (Q20) 


ML2009IJ 
ML2009IP 
ML2009IQ 


-40°C to 85°C 
-40°C to 85°C 
-40°C to 85°C 


Hermetic Dip (J 18) 
Molded Dip(P18) 
Molded PCC (Q20) 


ML2009CP 
ML2009CQ 


0°C to +70°C 
0°C to +70°C 


Molded Dip (P1 8) 
Molded PCC (Q20) 
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Telephone Line Equalizer 



GENERAL DESCRIPTION 

The ML2020 is a monolithic analog line equalizer for 
telephone applications. The ML2020 consists of a switched 
capacitor filter that realizes a family of frequency response 
curves optimized for telephone line equalization. 

The ML2020 consists of a continuous anti-aliasing filter, a 
60 Hz rejection highpass filter section, three programmable 
switched capacitor equalization filters, an output smoothing 
filter, a 600Q driver, and a digital section for the serial 
interface. 

The equalization filters adjust the slope, height, and band- 
width of the frequency response. The desired frequency 
response is programmed by a digital 14-bit serial input data 
stream. 

The ML2020 is implemented in a double polysilicon CMOS 
technology. 



FEATURES 

■ Slope, height, and bandwidth adjustable 

■ 60 Hz rejection filter 

■ On chip anti-alias filter 

■ Bypass mode 

■ Low supply current 6mA typical from ± 5 V supplies 

■ TTL/CMOS compatible interface 

■ Double buffered data latch 

■ Selectable master clock 1 .544 or 1 .536 MHz 

■ Synchronous or asynchronous data loading capability 

■ Compatible with ML2003 and ML2004 logarithmic 
gain /attenuator 

■ Standard 16-pin 0.3" center molded or hermetic dip 
and 18-pin SOIC 

■ 0°C to +70°C and -40°C to +85°C operating 
temperature range 



BLOCK DIAGRAM 



PIN CONNECTIONS 



CLOCK 
GENERATOR 



ANTIALIAS 
LO PASS 



60 Hz 
HI PASS 



SLOPE 
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PDNO — 
LATI 



— c 
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? ? ? 



SMOOTHING 
FILTER 



-H ^-OVqut 



HEIGHT 
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x'5 
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14-BIT LATCH 



SID 



^-C 



JZ 



14-BIT SHIFT-REGISTER 



J OS! 
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PIN DESCRIPTION 



NAME 



FUNCTION 



CLKSEL Clock select input. This pin selects 

the frequency of the CLK input. If 
CLK is 1.536 MHz, set CLKSEL- 1. 
If CLK is 1.544MHz, set 
CLKSEL=0. Pin has an internal 
pullup resistor to Vcc- 
SID Serial input data. Digital input that 

contains serial data word which 
controls the filter frequency re- 
sponse setting. 

LATO Output latch clock. Digital input 

which loads the data word back 
into the shift register from the 
latch. 

SCK Shift clock. Digital input which 

shifts the serial data on SI D into the 
shift register on rising edges and 
out onto SOD on falling edges. 

SOD Serial output data. Digital output 

of the shift register. 

CLK Master clock input. Digital input 

which generates clocks for the 
switched capacitor filters. Fre- 
quency can be either 1.544MHz 
or 1.536MHz. 



NAME 


FUNCTION 


GND 
LATI 


Digital ground. Ovolts. All digital 
inputs and output are referenced 
to this ground. 

Input latch clock. Digital input 
which loads data from the shift 
register into the latch. 


Vss 


Negative supply. -5 volts ±10%. 


V|N 


Analog input. 


AGND 


Analog ground. Ovolts. Analog 
input and output are referenced to 
this ground. 


VOUT 


Analog output. 


Pdn 


Powerdown input. When Pdn = 1/ 
device is in powerdown mode. 
When Pdn = 0/ device is in normal 
operation. This pin has an internal 
pulldown resistor to GND. 


Vcc 


Positive supply. 5 volts ±10% 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

V cc +6.5V 

V ss -6.5V 

AGND with Respectto GND ±0.5V 

Analog Input and Output V ss -0.3VtoV cc +0.3 V 

Digital Input and Outputs GND -0.3 V to V cc +0.3 V 

Input Current Per Pin ± 25 mA 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto +150° C 

Lead Temperature (Soldering 10 sec.) 300° C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2020CP, ML2020CS 0°Cto +70°C 

ML2020IJ -40°Cto +85°C 

Supply Voltage 

V cc 4Vto6V 

V ss -4Vto-6V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A =T M | N to T MAX , V cc - 5 V ± 10%, V ss « - 5 V ± 10%, Data Word: BP= 1, Other Bits =0, C L =100pF, 
R L =600Q, dBm measurements use 600Q as reference load, V| N - -7dBm, 1 kHz sinusoid CLK=1.544MHz ±300 Hz and digi- 
tal time measured at 1.4V 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



ANALOG 



UNITS 



SR 


Response, Slope Section 


4 


1 kHz response 
NL/L S3 S2 S1 SO 

1 
10 
10 
10 

1111 

1 
1 1 
1 10 
1 10 
1 10 

1 1111 

Referenced to 








1.4±0.1 

2.6 ±0.2 

4.7 ±0.2 

7.8 ±0.2 
11.4 ±0.25 

0±0.1 
0.4 ±0.1 
0.9 ±0.2 
1.8 ±0.2 
3.7 ±0.2 
6.6 ±0.25 


dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 
dB 


HR 


Response, Height Section 


4 


3250 Hz response referenced to 1 kHz 
response with BP=1, other bits = 
NL/L H3 H2 H1 HO 

o ~o~ ~b~ ~o~ ~b~ 

1 
10 
10 
10 
1111 






0±0.1 
0.6 ±0.2 
1.2 ±0.2 
2.4 ±0.2 
5.8 ±0.3 
11.2 ±0.3 


dB 
dB 
dB 
dB 
dB 
dB 


BR 


Response, Bandwidth 
Section (Q) 


4 


NL/L B3 B2 B1 B0 H3 H2 H1 HO 

o ~0~ ~0~ 1 T 1 1 
11111 
10 1111 
10 1111 
10 1111 
11111111 






16.1 ±2.0 

14.2 ±1.5 
12.6±1.5 

9.1 ±1.0 
3.6±0.5 
1.2 ±0.35 




PK 


BW Peak Frequency 


4 


H3thruH0=1 


3230 


3250 


3270 


Hz 


AG 


Absolute Gain, Flat 
Response 


4 


1 to 4 kHz 


-0.1 


+0.1 


+0.3 


dB 


AGB 


Absolute Gain, Bypass Mode 


4 


0.3 to 4 kHz, BP=0 


-0.1 


+0.1 


+0.3 


dB 


ICN 


Idle Channel Noise 


4 


V, N =0 




3 


8 


dBmc 






V, N = 0, All Data Bits = 1 




9 




dBmc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T a =T M in toT MAX/ V CC = 5V±10%, V ss = -5V±10%, Data Word: BP 
R|_=600Q, dBm measurements use 600Q as reference load, Vin = - 7dBm, 1 kHz sinusoid CLK= 1 
tal time measured at 1.4V 



1, Other Bits=0, C L = 100pF, 
.544MHz ±300Hzanddigi- 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


LIMIT 
UNITS 


ANALOG 


HD 


Harmonic Distortion 


4 


V, N = 5dBm,1kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 






-48 


dB 


SD 


Signal to Distortion 


4 


V, N =-12dBm,1kHz 
C msg weighted 


+48 






dB 


SFN 


Single Frequency Noise 


5 


V, N -0, 
4kHz<frequency<150kHz 






-50 


dBm 


PSRR 


Power Supply Rejection 


4 


200mV p .p, 1 kHz sine, V, N =0 
on Vcc 
on V ss 






-40 
-40 


dB 
dB 


Z| N 


Input Impedance, V tN 


4 




100 






kQ 


Vos 


Output Offset Voltage 


4 


V, N =0 






±50 


mV 


V !NR 


Input Voltage Range 


4 




±2.0 






V 


V OSW 


Output Voltage Swing 


4 


R L = 600Q 


±2.0 






V 


DIGITAL AND DC 


V, L 


Digital Input Low Voltage 


4 








0.8 


V 


V, H 


Digital Input High Voltage 


4 




2.0 






V 


Vol 


Digital Output Low Voltage 


4 


loL = 2mA 






0.4 


V 


Voh 


Digital Output High Voltage 


4 


l OH =-1niA 


4.0 






V 


'lclk 


Input Current, CLKSEL 


4 


V, N = 


5 




100 


ma 


'lpdn 


Input Current, PDN 


4 


V,n=V C c 


-5 




-100 


ma 


II 


Input Current, All Other Inputs 


4 


V,n=0-V C c 






±10 


ma 


'cc 


Vcc Supply Current 


4 


No output load, V| L =GND, 
V,h=Vc O V in ~0 






10 


mA 


Iss 


V ss Supply Current 


4 


No output load, V| L =GND, 
V,H=V C oV IN =0 






-10 


mA 


•ccp 


V cc Supply Current, 
Powerdown Mode 


4 


No output load, V| L -GND, 

V|H=V C c 






1.2 


mA 


•ssp 


V S s Supply Current, 
Powerdown Mode 


4 


No output load, V )L =GND, 

V|H=V C c 






-1.2 


mA 


AC CHARACTERISTICS 


*DC 


Clock Duty Cycle 


5 




40 




60 


% 


tsCK 


SCK On/Off Period 


4 




250 






ns 


ts 


SID Data Setup Time 


4 




50 






ns 


t H 


SID Data Hold Time 


4 




50 






ns 


t D 


SOD Data Delay 


4 









125 


ns 


t|PW 


LATI Pulse Width 


4 




50 






ns 


topw 


LATO Pulse Width 


4 




50 






ns 


l \s f k)S 


LATI, LATO Setup Time 


4 




50 






ns 


tlhitOH 


LATI, LATO Hold Time 


5 




50 






ns 


tpLD 


SOD Parallel Load Delay 


4 









125 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 

100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT 



Figure 1. Serial Timing Diagram 
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Figure 2. Typical Slope Filter Response — NL/ L - 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response — N L/ L = 1 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 4. Typical Height Filter Response — N L/ L = 

B3-B0, S3-S0 - 0000; H3-H0 = 0000 to 1111. 
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Figure 5. Typical Bandwidth Filter Response— NL/ L = 

H3-H0 - 1111; S3-S0 = 0000; B3-B0 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2020 consists of a continuous anti-alias filter, a 60 Hz 
reject highpass filter section, three programmable switched 
capacitor equalization filters, an output smoothing filter, an 
output driver, and a digital section for the serial interface. 

1.1 Anti-Alias Filter 

The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3dB frequency at 20 kHz 
and 30dB of rejection at 124kHz. 

1.2 60 Hz Rejection Filter 

The 60 Hz section is a highpass switched capacitor filter de- 
signed to reject DC offsets and low frequency signals present 
on the input. This filter is a first order section with a typical 
3dB frequency at 135 Hz. 

1.3 Equalization Filters 

The equalizer filters follow the 60 Hz highpass section. These 
programmable filters implement a family of frequency 
response curves intended to compensate for the response of 
telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.3.1 Response of Slope, Height, and Bandwidth 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, S3- 
S0. These bits alter the slope of the highpass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 



Slope 
Setting 


Rel 1kHz Gain (dB) 


NL/L-1 


NL/L = 



1 


0.0 
0.4 


Rel 
1.4 


2 
3 


0.9 

1.4 


2.6 
3.7 


4 

5 


1.8 
2.3 


4.7 
5.5 


6 

7 


2.8 

3.4 


6.3 

7.2 


8 
9 


3.7 
4.2 


7.8 
8.4 


10 
11 


4.6 
5.0 


9.0 
9.5 


12 
13 


5.4 
5.8 


10.0 
10.5 


14 
15 


6.2 
6.6 


11.0 
11.4 



There is an additional bit, NL/L, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NL/L=0. These same response curves are 
shown in Figure 3 with NL/L=1. Notice that the NL/L bit 
adds more droop in the highpass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-H0. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 



Table 2. 


Typ. 1 kHz Gain for HT and BW Settings 


Relative 1kHz Gain (dB) 


HT Setting 



1 

2 
3 

4 
5 

00 

I 6 

S7 

18 
9 

10 
11 

12 
13 

14 
15 





1 


2 


3 4 5 6 7 8 9 10 11 12 13 14 15 


Rel 











0000000000000 
0000000000000 














0000000000000 
0000000000000 














000000000000 0.1 
0.1 0.1 0.1 0.1 














0.1 0.1 0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 














0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 














0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 
0.1 0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 










0.1 
0.1 


0.1 0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 
0.1 0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 










0.1 
0.1 


0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 



Slope Bits =0 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-B0. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.3.2 Transfer Function 

The transfer function for the ML2020 is shown below. This 
transfer function is valid for magnitude response only. The 
actual magnitude response from an individual device may 
deviate from the computed response from the transfer func- 
tion by typically 0-0.2 dB. 

H (s) = _ZL v c(s+b) x [s 2 +h(co /Q)s+co 2] [sin frrf/fcfl 
s + a b (s + c) [ S 2 + (» /Q) s + co 2] (irf/fc) 



s - jx256000xtan(irf/128000) 

a = 848.230 

co - 20463.77 

fc = 128000 



HT, BWBits=0 



b,c : 


See Table 3. 


(slope) 


Q : 


See Table 4. 


(bandwidth) 


h : 


See Table 5. 


(height) 
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Table 3. Slope Response Factors (b, c) 
b b 

S3-0 NL/L = NL/L = 1 



0000 


2.371759E+03 


1.116280E+04 


0001 


1.985920E+03 


9.345141 E +03 


0010 


1.701779E+03 


8.007156E+03 


0011 


1. 493571 E +03 


7.026999E+03 


0100 


1.326721E+03 


6.241681 E +03 


0101 


1.196668E+03 


5.629636E+03 


0110 


1.087277E+03 


5.114881E+03 


0111 


9.983588E+02 


4.696487E+03 


1000 


9.179889E+02 


4.318339E+03 


1001 


8.537864E+02 


4.016273E+03 


1010 


7.966049E+02 


3.747249E+03 


1011 


7.478074E+02 


3.517676E+03 


1100 


7.035099E+02 


3.309279E+03 


1101 


6.651771E+02 


3.128945E+03 


1110 


6.299477E+02 


2.963214E+03 


1111 


5.990361E+02 


2.817797E+03 




c 


c 


S3-0 


NL/L = 


NL/L = 1 


xxxx 


2.371759E+03 


1.116280E+04 


Table 4. 


Slope Response Factors (b, c) 


B3-0 


Q 




0000 


17.444906 




0001 


15.386148 




0010 


13.652451 




0011 


11.593677 




0100 


9.859960 




0101 


8.017864 




0110 


6.392453 




0111 


5.092080 




1000 


3.900003 




1001 


3.141338 




1010 


2.599369 




1011 


2.165724 




1100 


1.731965 




1101 


1.406509 




1110 


1.352248 




1111 


1.297981 




Table 5. 


Height Response Factors (h) 




Code 


h 




0000 


1.000000 




0001 


1.071519 




0010 


1.148154 




0011 


1.230269 




0100 


1.318257 




0101 


1.445438 




0110 


1.603245 




0111 


1.757924 




1000 


1.949845 




1001 


2.137962 




1010 


2.317395 




1011 


2.540973 




1100 


2.786121 




1101 


3.019951 




1110 


3.311311 




1111 


3.672823 





1.4 Smoothing Filter 

The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam- 
ple information generated by the action of the switched ca- 
pacitor filters. This filter provides a continuous analog signal 
at the output, Vqut • 

1.5 Output Buffer 

The final stage in the ML2020 is the output buffer. This ampli- 
fier has internal gain of 1 and is capable of driving 600Q, 
100pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.6 Bypass Mode 

Thefijter sections can be bypassed by setting the bypass data 
bit, BP, to 0. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.7 Filter Clock 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of CLK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536MHz to guarantee 
accurate frequency response. The CLKSEL pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, CLKSEL should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic level 1, and the internal clock rate is the same 
as the external clock rate. 

1.8 Serial Interface 

The architecture of the digital section is shown in the preced- 
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 

Note that bit is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig- 
nal, LATO, is high. The LATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output, SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done con- 
tinuously or in bursts. Since the shift register and latch 
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circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How- 
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 



The clocks used to shift and latch data (SCK, LATI, LATO) are 
not related internally to the master clock and can occur asyn- 
chronous to CLK. 



range. 



»nnHnnnnnHHHHFiHFin nn 



"" n 



>XXXXX)000(X)OC)OC)0(XZXX 

a) LOAD 
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•)OOCIX}00OO0000OO0OOO< 



JT 



■XZ>O0(Z]>(»XE)<EX»XHXiXEXnXiXE>(EXi)©OCX 

b) READ 
Figure 6. Serial Timing 
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B2 B1 


BO 


H3 


H2 H1 


HO 


BP 


13 


12 


11 


10 


9 


8 


7 


6 


5 


4 


3 


2 


1 






- FUNCTION 
-BIT NUMBER 



Figure 7. 14- Bit Latch 



POWERDOWN MODE 

A powerdown mode can be selected with pin Pdn. When 
Pdn = 1/ the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, VouT/ to a high impe- 
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
Pdn =0, the device is in normal operation. 



POWER SUPPLIES 

The digital section inside the device is powered between Vcc 
and GND, or 5 volts. The analog section is powered between 
Vcc an d Vss/ or ± 5 vo ' ts * Tne ana '°8 section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100/iV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vcc ar| d v ss to the a nalog 
output is greater than -60dB at 1 kHz, typically. If decou- 
pling of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 
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Figure 8. Typical Serial Interface 
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Figure 9. Controlling Multiple ML2020 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2020CP 


0°C to +70°C 


MOLDED DIP (P16) 


ML2020CS 


0°C to +70°C 


MOLDED SOIC (S18W) 


ML2020IJ 


-40°C to +85°C 


HERMETIC DIP (J16) 


ML2020IP 


-40°C to +85°C 


MOLDED DIP (P16) 


ML2020IS 


-40°C to +85°C 


MOLDED SOIC (S18W) 
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Telephone Line Equalizer 



GENERAL DESCRIPTION 

The ML2021 Is a monolithic analog line equalizer for 
telephone applications. The ML2021 consists of a 
switched capacitor filter that realizes a family of 
frequency response curves optimized for telephone 
line amplitude equalization while minimizing group 
delay. This ML2021 is the same function as the ML2020 
telephone equalizer without the 60Hz rejection filter. 

The ML2021 consists of a continuous anti-aliasing filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, a 600Q driver, and a 
digital section for the serial interface. 

The equalization filters adjust the slope, height, and 
band-width of the frequency response. The desired 
frequency response is programmed by a digital 14-bit 
serial input data stream. 

The ML2021 is implemented in a double polysilicon 
CMOS technology. 



FEATURES 

■ Slope, height, and bandwidth adjustable 

■ Optimized group delays (500 Hz to 6.4 kHz) 

■ On chip anti-alias filter 

■ Bypass mode 

■ Low supply current 6mA typical from +5V supplies 

■ TTL/CMOS compatible interface 

■ Double buffered data latch 

■ Selectable master clock 1.544 or 1.536 MHz 

■ Synchronous or asynchronous data loading 
capability 

■ Compatible with ML2003 and ML2004 logarithmic 
gain/attenuator 

■ Standard 16-pin 0.3" center molded or hermetic 
DIP and 18-pin SOIC 

■ 0°C to +70°C and -40°C to +85°C operating 
temperature range 



BLOCK DIAGRAM 



PIN CONNECTIONS 



V|N O- 



CLOCK 
GENERATOR 



ANTIALIAS 
LO PASS 



SLOPE 
SECTION 



PDN O- 
LATI o- 



HEIGHT 
SECTION 



Vcc AGND Vss 

? ? ? 



SMOOTHING 
FILTER 




BANDPASS 
SECTION 



-'4 



• '1 



VOUT 



14-BIT SHIFT-REGISTER 



ML2021 
16-pin DIP 




ML2021 
18-pin SOIC 



CLKSEL c 
SIDc 

NCc 
LATOc 
SCKC 
NCc 
SODn 
CLK = 
GNDc 



1 


18 


2 


17 


3 


16 


4 


15 


5 


14 


6 


13 


7 


12 


8 


11 


9 


10 



Vcc 

PDN 

VOUT 

AGND 

mNC 

=>V| N 
NC 
VSS 
LATI 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



CLKSEL Clock select input. This pin selects 

the frequency of the CLK input. If 
CLK is 1.536MHz, set CLKSEL- 1. 
If CLK is 1.544MHz, set 
CLKSEL-0. Pin has an internal 
pullup resistor to Vcc- 
SID Serial input data. Digital input that 

contains serial data word which 
controls the filter frequency re- 
sponse setting. 
LATO Output latch clock. Digital input 

which loads the data word back 
into the shift register from the 
latch. 

SCK Shift clock. Digital input which 

shifts the serial data on SID into the 
shift register on rising edges and 
out onto SOD on falling edges. 

SOD Serial output data. Digital output 

of the shift register. 

CLK Master clock input. Digital input 

which generates clocks for the 
switched capacitor filters. Fre- 
quency can be either 1.544MHz 
or 1.536MHz. 



GND 


Digital ground. Ovolts. All digital 




inputs and output are referenced 




to this ground. 


LATI 


Input latch clock. Digital input 




which loads data from the shift 




register into the latch. 


Vss 


Negative supply. -5volts ±10%. 


V,N 


Analog input. 


AGND 


Analog ground. Ovolts. Analog 




input and output are referenced to 




this ground. 


V OUT 


Analog output. 


Pdn 


Powerdown input. When Pdn = 1/ 




device is in powerdown mode. 




When Pqn = 0/ device is in normal 




operation. This pin has an internal 




pulldown resistor to GND. 


Vcc 


Positive supply. 5 volts ±10% 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

V cc +6.5V 

V ss -6.5V 

AGND with Respect to GND ±0.5 V 

Analog Input and Output V ss -0.3VtoV cc +0.3 V 

Digital Input and Outputs GND -0.3VtoV cc +0.3 V 

Input Current Per Pin ± 25 mA 

Power Dissipation 750 mW 

Storage Temperature Range -65°Cto +150° C 

Lead Temperature (Soldering 10 sec.) 300° C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2021CR ML2021CS 0°Cto +70°C 

ML2021IJ -40°Cto +85°C 

Supply Voltage 

V cc 4Vto6V 

V ss -4Vto-6V 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A =T M , N to T MAX , V cc = 5 V ± 10%, V ss = - 5 V ± 10%, Data Word: BP= 1, Other Bits = 0, C L = 100 pF, 
R L = 600Q, dBm measurements use 600Q as reference load, V iN = -7dBm, 1 kHz sinusoid CLK=1.544MHz ±300 Hz and digi- 
tal time measured at 1.4V 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



ANALOG 



SR 


Response, Slope Section 


4 


1 kHz response 
NL/L S3 S2 

~0~ 



S1 

~o~ 

1 


SO 

1 







1.4 ±0.1 
2.6 ±0.2 


dB 
dB 








1 












4.7 ±0.2 


dB 








1 












7.8 ±0.2 


dB 








1 1 


1 


1 






11.4 ±0.25 


dB 








1 












0±0.1 


dB 








1 





1 






0.4 ±0.1 


dB 








1 


1 









0.9 ±0.2 


dB 








1 1 












1.8 ±0.2 


dB 








1 1 
1 1 1 



1 



1 






3.7±0.2 
6.6 ±0.25 


dB 
dB 








Referenced to 





































HR 


Response, Height Section 


4 


3250 Hz response referenced to 1 kHz 
response with BP=1, other bits = 


















NL/L H3 H2 


H1 


HO 





























± 0.15 


dB 














1 






0.5 ± 0.2 


dB 











1 









1.1 ± 0.2 


dB 








1 












2.3 ± 0.2 


dB 








1 












5.7 ± 0.3 


dB 








1 1 


1 


1 






11.1 ± 0.3 


dB 


BR 


Response, Bandwidth 
Section (Q) 


4 


NL/L B3 B2 B1 B0 H3 H2 H1 HO 






16.1 ±2.0 









1 


1 










1 


1 


1 






14.2 ±1.5 










10 


1 


1 






12.6±1.5 










10 


1 


1 






9.1 ±1.0 










10 


1 


1 






3.6 ±0.5 










1111 


1 


1 






1.2 ±0.35 




PK 


BW Peak Frequency 


4 


H3thruH0 = 1 


3230 


3250 


3270 


Hz 


AG 


Absolute Gam, Flat 
Response 


4 


.5 to 4kHz 






-0.1 


+0.1 


+0.3 


dB 


AGB 


Absolute Gain, Bypass Mode 


4 


0.3 to 4kHz, BP = 


-0.1 


+0.1 


+0.3 


dB 


ICN 


Idle Channel Noise 


4 


V, N -0 




3 


8 


dBrnc 






V !N =0, ail data bits = 1 




9 




dBrnc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T A =T M | N to T MAX/ V CC = 5V±10%, V S s= -5 V±10%, Data Word: BP=1, Other Bits = 0, C L = 100 pF, 
R L = 600Q, dBm measurements use 600Q as reference load, V| N = -7dBm, 1 kHz sinusoid CLK=1.544MHz ±300Hz and digi- 
tal time measured at 1.4 V 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


LIMIT 
UNITS 


ANALOG 


HD 


Harmonic Distortion 


4 


V| N = 5dBm,1kHz 
Measure 2nd, 3rd, harmonic 
relative to fundamental 






-48 


dB 


SD 


Signal to Distortion 


4 


V, N =-12dBm,1kHz 
C msg weighted 


+48 






dB 


SFN 


Single Frequency Noise 


5 


V IN = 0, 

4 kHz < frequency < 150 kHz 






-50 


dBm 


PSRR 


Power Supply Rejection 


4 


200mVp_ p , 1 kHz sine, V| N =0 
on Vcc 
onV ss 






-40 
-40 


dB 
dB 


Z IN 


Input Impedance, V| N 


4 




100 






kQ 


Vos 


Output Offset Voltage 


4 


V, N =0 






±50 


mV 


V INR 


Input Voltage Range 


4 




±2.0 






V 


v osw 


Output Voltage Swing 


4 


R L = 600Q 


±2.0 






V 


DIGITAL AND DC 


V, L 


Digital Input Low Voltage 


4 








0.8 


V 


V, H 


Digital Input High Voltage 


4 




2.0 






V 


Vol 


Digital Output Low Voltage 


4 


l L = 2mA 






0.4 


V 


Vqh 


Digital Output High Voltage 


4 


l OH =-1mA 


4.0 






V 


•lclk 


Input Current, CLKSEL 


4 


V,n=U 


5 




100 


ma 


'lpdn 


Input Current, PDN 


4 


V|N=Vcc 


-5 




-100 


IaA 


II 


Input Current, All Other Inputs 


4 


V IN = to V C c 






±10 


l*A 


Ice 


Vec Supply Current 


4 


No output load, V| L =GND, 
V| H =V co V| N = 






10 


mA 


Iss 


Vss Supply Current 


4 


No output load, V| L =GND, 
V,H=V C oV, N =0 






-10 


mA 


■ccp 


Vcc Supply Current, 
Powerdown Mode 


4 


No output load, V| L = GND, 
V,h-V C c 






1.2 


mA 


■ssp 


V S s Supply Current, 
Powerdown Mode 


4 


No output load, V IL =GND, 
V,h = V C c 






-1.2 


mA 


AC CHARACTERISTICS 


toe 


Clock Duty Cycle 


5 




40 




60 


% 


l SCK 


SCK On /Off Period 


4 




250 






ns 


ts 


SID Data Setup Time 


4 




50 






ns 


t H 


SID Data Hold Time 


4 




50 






ns 


t D 


SOD Data Delay 


4 









125 


ns 


*IPW 


LATI Pulse Width 


4 




50 






ns 


topw 


LATO Pulse Width 


4 




50 






ns 


tiste 


LATI, LATO Setup Time 


4 




50 






ns 


tlH^OH 


LATI, LATO Hold Time 


5 




50 






ns 


tpLD 


SOD Parallel Load Delay 


4 









125 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: 0°C to +70°C and - 40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 

100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING PARAMETERS ARE REFERENCED TO THE 1.4 VOLT MIDPOINT 



Figure 1. Serial Timing Diagram 
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Figure 2. Typical Slope Filter Response — N L/ L = 

B3-B0, H3-H0 = 0000, S3-S0 = 0000 to 1111. 
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Figure 3. Typical Slope Filter Response — NL/L = 1 

B3-B0, H3-H0 - 0000, S3-S0 = 0000 to 1111. 
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Figure 4. Typical Height Filter Response — NL/ L = 

B3-B0, S3-S0 = 0000; H3-H0 = 0000 to 1111. 
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Figure 5. Typical Bandwidth Filter Response — N L/ L - 

H3-H0 = 1111; S3-S0 = 0000; B3-B0 = 0000 to 1111. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2021 consists of a continuous anti-alias filter, 
three programmable switched capacitor equalization 
filters, an output smoothing filter, an output driver, and 
a digital section for the serial interface. 

1.1 ANTI-ALIAS FILTER 

The first section is a continuous anti-alias filter. This filter is 
needed to prevent aliasing of high frequency signals present 
on the input into the passband by the sampling action of the 
switched capacitor filters. This section is a continuous second 
order lowpass filter with a typical 3 dB frequency at 20 kHz 
and 30dB of rejection at 124kHz. 

1.2 EQUALIZATION FILTERS 

The programmable filters implement a family of 
frequency response curves intended to compensate for 
the response of telephone lines. 

This filter is composed of three distinct sections: slope, 
height, and bandwidth. 

1.2.1 RESPONSE OF SLOPE, HEIGHT; AND 
BANDWIDTH 

The family of response curves generated by the slope section 
are shown in Figures 2 and 3. There are 4 slope select bits, S3- 
S0. These bits alter the slope of the highpass response under 
1000 Hz, and as a result, the absolute gain above 1000 Hz will 
be unique for each setting. Table 1 gives typical 1 kHz gain 
values for all slope settings. 

Table 1. Typ. 1 kHz Gain for Slope Settings 



Slope 
Setting 


Rel 1kHz Gain (dB) 


NL/L = 1 


NL/L = 



1 


0.0 
0.4 


Rel 
1.4 


2 
3 


0.9 
1.4 


2.6 
3.7 


4 
5 


1.8 
2.3 


4.7 
5.5 


6 

7 


2.8 
3.4 


6.3 

7.2 


8 
9 


3.7 
4.2 


7.8 
8.4 


10 
11 


4.6 
5.0 


9.0 
9.5 


12 
13 


5.4 
5.8 


10.0 
10.5 


14 
15 


6.2 
6.6 


11.0 
11.4 



HT,BWBits=0 



There is an additional bit, NL/L, that also affects the highpass 
response of the slope filter. The slope response curves in 
Figure 2 are with NL/L=0. These same response curves are 
shown in Figure 3 with NL/L = 1. Notice that the NL/L bit 
adds more droop in the highpass response below 2500 Hz. 

The family of response curves generated by the height section 
are shown in Figure 4. There are 4 height select bits, H3-H0. 
This section creates a peak in the response at 3250 Hz and 
this filter controls the amount of peaking. Table 2 gives typical 
1 kHz gain values for all height and bandwidth settings. 



Table 2. 


Typ. 1 kHz Gain for HT and BW Settings 


Relative 1kHz Gain (dB) 


HT Setting 



1 

2 
3 

4 

5 

= 6 

t 

is 

9 
10 

11 

12 
13 

14 
15 





1 


2 


3 


4 5 6 7 8 9 10 11 12 13 14 15 


Rel 















000000000000 
000000000000 


















000000000000 
000000000000 


















00000000000 0.1 
0.1 0.1 0.1 0.1 


















0.1 0.1 0.1 0.1 0.1 0.1 
0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 


















0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 
0.1 0.1 0.1 0.1 0.2 0.2 0.3 0.3 0.4 0.5 0.6 















0.1 


0.1 0.1 0.1 0.1 0.2 0.3 0.3 0.4 0.5 0.6 0.7 0.8 
0.1 0.1 0.2 0.2 0.3 0.4 0.4 0.5 0.7 0.8 0.9 1.1 










0.1 
0.1 


0.1 
0.1 


0.1 0.2 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.1 1.4 1.6 
0.2 0.3 0.4 0.5 0.6 0.8 0.9 1.1 1.4 1.6 1.9 2.3 










0.1 
0.1 


0.1 0.2 0.3 0.4 0.5 0.7 0.8 1.0 1.2 1.5 1.7 2.0 2.4 
0.1 0.2 0.3 0.4 0.5 0.7 0.9 1.1 1.3 1.6 1.8 2.1 2.5 



Slope Bits =0 

The family of response curves generated by the bandwidth 
section is shown in Figure 5 There are 4 bandwidth select 
bits, B3-B0. This section causes the response of the 3250 Hz 
peak to be widened, and as a result, this filter controls the 
bandwidth of the 3250 Hz peaked region. 

1.2.2 TRANSFER FUNCTION 

The transfer function for the ML2021 is shown below. 
This transfer function is valid for magnitude response 
only. The actual magnitude response from an individual 
device may deviate from the computed response from 
the transfer function by typically 0-0.2dB. 



H(s) - 



c (s + b) x [s2 + h (o) /Q) s + co 2] y [sin (nf/fc)] 
b (s + c) [ S 2 + (o> /Q) s + o> 2] (irf/fc) 



jx256000xtan (nf/128000) 

20463.77 

128000 



b,c 

Q 

h 



See Table 3. 
See Table 4. 
See Table 5. 



(slope) 

(bandwidth) 

(height) 
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Table 3. Slope Response Factors (b, c) 
b b 

S3-0 NL/L = NL/L = 1 



0000 


2371759E+03 


1.116280E+04 


0001 


1.985920E+03 


9.345141 E +03 


0010 


1.701779E+03 


8.007156E+03 


0011 


1. 493571 E +03 


7.026999E+03 


0100 


1.326721E+03 


6.241681E+03 


0101 


1.196668E+03 


5.629636E+03 


0110 


1.087277E+03 


5.114881E+03 


0111 


9.983588E+02 


4.696487E+03 


1000 


9.179889E+02 


4.318339E+03 


1001 


8.537864E+02 


4.016273E+03 


1010 


7.966049E+02 


3.747249E+03 


1011 


7.478074E+02 


3.517676E+03 


1100 


7.035099E+02 


3.309279E+03 


1101 


6.651771E+02 


3.128945E+03 


1110 


6.299477E+02 


2.963214E+03 


1111 


5.990361E+02 


2.817797E+03 




c 


c 


S3-0 


NL/L = 


NL/L = 1 


xxxx 


2.371759E+03 


1.116280E+04 


Table 4. 


Slope Response Factors (b, c) 


B3-0 


Q 




0000 


17.444906 




0001 


15.386148 




0010 


13.652451 




0011 


11.593677 




0100 


9.859960 




0101 


8.017864 




0110 


6.392453 




0111 


5.092080 




1000 


3.900003 




1001 


3.141338 




1010 


2.599369 




1011 


2.165724 




1100 


1.731965 




1101 


1.406509 




1110 


1.352248 




1111 


1.297981 




Table 5. 


Height Response Factors (h) 




Code 


h 




0000 


1.000000 




0001 


1.071519 




0010 


1.148154 




0011 


1.230269 




0100 


1.318257 




0101 


1.445438 




0110 


1.603245 




0111 


1.757924 




1000 


1.949845 




1001 


2.137962 




1010 


2.317395 




1011 


2.540973 




1100 


2.786121 




1101 


3.019951 




1110 


3.311311 




1111 


3.672823 





1.2.3 GROUP DEIAY 

The difference between the ML2020 and ML2021 is the 
elimination of a 60Hz highpass filter in order to 
eliminate positive group delay at low frequency. 

The group delay through the ML2021 can be minimized 
such that less than 50/us of group delay can be 
achieved in both unloaded and cable loaded conditions 
relative to 1804Hz in the frequency range of 504 to 
3004Hz. Minimum group delays are dependent upon 
using the proper setting for slope, height, and 
bandwidth for a give equalization requirement. 

1.3 SMOOTHING FILTER 

The equalizer filters are followed by a continuous second 
order smoothing filter that removes the high frequency sam- 
ple information generated by the action of the switched ca- 
pacitor filters. This filter provides a continuous analog signal 
at the output, Vqut • 

1.4 OUTPUT BUFFER 

The final stage in the ML2020 is the output buffer. This ampli- 
fier has internal gain of 1 and is capable of driving 600Q, 
100pF loads. Thus, it is suitable for driving telephone hybrids 
directly without any external amplifier. 

1.5 BYPASS MODE 

Thejfilter sections can be bypassed by setting the bypass data 
bit, BP, to 0. Since the switched capacitor filters are bypassed 
in this mode, frequency response effects of the switched 
capacitor filters are eliminated. Thus, this mode offers very 
flat response and low noise over the 300-4000 Hz frequency 
range. 

1.6 FILTER CLOCK 

The master clock, CLK, is used to generate the internal clocks 
for the switched capacitor filters. The frequency of CLK can 
be either 1.544MHz or 1.536MHz. However, the internal 
clock frequency must be kept at 1.536 MHz to guarantee 
accurate frequency response. The CLKSEL pin enables a bit 
swallower circuit to keep the internal clock frequency set to 
1.536MHz. When 1.544MHz clock is used, CLKSEL should 
be set to logic level 0, and one bit out of every 193 bits is 
removed (swallowed) to reduce the internal frequency to 
1.536MHz. When 1.536MHz clock is used, CLKSEL should 
be set to logic level 1, and the internal clock rate is the same 
as the external clock rate. 

1.7 SERIAL INTERFACE 

The architecture of the digital section is shown in the preced- 
ing block diagram. 

A timing diagram for the serial interface is shown in Figure 6. 
The serial input data, SID, is loaded into a shift register on 
rising edges of the shift clock, SCK. The data word is parallel 
loaded into a latch when the input latch signal, LATI, is high. 
The LATI pulse must occur when SCK is low. A new data 
word can be loaded into the shift register without disturbing 
the existing data word in the latch. 

The parallel outputs of the latch control the filter response 
curves. The order of the data word bits in the latch is shown 
in Figure 7. 
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Note that bit is the first bit of the data word clocked into the 
shift register. 

The device has the capability to read out the data word 
stored in the latch. This is done by parallel loading the data 
from the latch back into the shift register when the latch sig- 
nal, LATO, is high. The LATO pulse must occur when SCK is 
low. Then, the data word can be shifted out of the register 
serially to the output SOD, on falling edges of the shift clock, 
SCK. 

The loading and reading of the data word can be done con- 
tinuously or in bursts. Since the shift register and latch 



circuitry inside the device is static, there are no minimum 
frequency requirements on the clocks or data pulses. How- 
ever, there is some coupling of the digital signals into the 
analog section. If this coupling is undesirable, the data can be 
clocked in bursts during non critical intervals, or the data rate 
can be done at a frequency outside the analog frequency 
range. 

The clocks used to shift and latch data (SCK, LATI, LATO) are 
not related internally to the master clock and can occur asyn- 
chronous to CLK. 



-nnnnnnnnnnnRRRRR nn 

"" n 

LAK) _ 

~)ooooooooooooooooao< 

a) LOAD 

° nn FinnnnnFinnRRRRRnn 

•XDOCIDOOOOOOOOOOOOOOCX 

LATI 

LATO I I 



soo)oo<xZ)©<i^ 

b) READ 
Figure 6. Serial Timing 
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Figure 7. 14-Bit Latch 
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1.8 POWERDOWN MODE 

A powerdown mode can be selected with pin P^n- When 
Pdn = 1/ the device is powered down. In this state, the power 
consumption is reduced by removing power from the analog 
section and forcing the analog output, VquT/ to a high impe- 
dance state. While the device is in power down mode, the 
digital section is still functional and the current data word 
remains stored in the latch. The master clock, CLK, can be 
left active or removed during powerdown mode. When 
Pdn = 0/ the device is in normal operation. 



1.9 POWER SUPPLIES 

The digital section inside the device is powered between Vcc 
and GND, or 5 volts. The analog section is powered between 
Vcc ar| d V$S/ or * 5 volts. The analog section uses AGND as 
the reference point. 

GND and AGND are totally isolated inside the device to 
minimize coupling from the digital section into the analog 
section. Typically this is less than 100 pV. However, AGND 
and GND should be tied together physically near the device 
and close to the common power supply ground connection. 

The power supply rejection of Vcc ar| d Vss to the analog 
output is greater than -60dB at 1 kHz, typically. If decou- 
pling of the power supplies is still necessary in a system, Vcc 
and Vss should be decoupled with respect to AGND. 



2.0 APPLICATIONS 
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Figure 8. Typical Serial Interface 
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Figure 9. Controlling Multiple ML2021 and ML2004 With Only 3 Digital Lines 
Using One Long Data Word 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2021CP 


0°C to +70°C 


MOLDED DIP (P16) 


ML2021CS 


0°C to +70°C 


MOLDED SOIC (S18W) 


ML2021IJ 


-40°C to +85°C 


HERMETIC DIP (J16) 


ML2021IP 


-40°C to +85°C 


MOLDED DIP (P16) 


ML2021IS 


-40°C to +85°C 


MOLDED SOIC (S18W) 
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ML2031, ML2032 



Tone Detector 



GENERAL DESCRIPTION 

The ML2031 and ML2032 are monolithic tone detectors 
intended for telecommunication applications utilizing 4- 
wire loopback capability. The device meets or exceeds 
the 4-wire Maintenance Terminating Unit (MTU) 
requirements outlined in BELL PUB 43004. 

These devices incorporate a 2713 Hz tone detector, clock 
oscillator, and uncommitted op amp in an 8-pin DIP. No 
external components are required. 

The ML2031 or ML2032 can be used to detect frequencies of 
1004 Hz or 2600 Hz, as the tone detector frequency template 
from 1000 Hz to 4000 Hz is proportional to the frequency of 
the external clock. 

The ML2031 has two clock outputs. CLKqut 1 ,s one half the 
frequency of CLKin, while CLKqut^ is one eighth of the 
frequency of CLKin. The ML2032 has an uncommitted op 
amp instead of the clock outputs. 

The ML2031 and ML2032 are implemented in a double 
polysilicon CMOS technology. 



FEATURES 

■ Meets or exceeds BELL PUB 43004 requirements 

■ Extended dynamic range detect -34dBm to +6dBm 

no detect < -40dBm 

■ Frequency template (fcLK in = 12MHz) 

detect 2713 ± 10Hz 
no detect 2713 + 36Hz 

■ General purpose tone detect range of 1000Hz to 
4000Hz 

■ Signal-to-guard ratio 8dB to 13 dB 

■ No external components required 

■ Continuous anti-alias filter 

■ 60 Hz reject filter 

■ ±5 V supplies 

■ Clock input 12.352 MHz, 1.544MHz, 

or a 12.352 MHz crystal 

■ ML2031 has clock outputs of 1.544 MHz and 
6.176MHz 

■ Tone detection of 1000 Hz to 4000 Hz proportional 
to external clock 

■ ML2032 has uncommitted op amp 

■ 8-pin dual-in-line package 



BLOCK DIAGRAMS 



ML2031 



ML2032 
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I I I 
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PIN CONNECTIONS 



ML2031 



Vss[ 1^8 ] V, N + 

CLKoUTl [2 7 ] V C c 

CLKOUT2 [3 6 ] GND 

TDET [4 5 ] CLKin 




PIN DESCRIPTIONS 



ML2031 
PIN NO. NAME 



FUNCTION 



ML2032 
PIN NO. NAME 



Vss 

CLKqutI 

CLK OU t2 

TDET 



CLK| N 



GND 



Vcc 

V,N + 



Negative supply. - 5 V ± 10% 

Clock output. Digital output from 

oscillator divided by 2. 

Clock output. Digital output from 

oscillator divided by 8. 

Tone detect output. Digital output 

which indicates when valid 

2713 Hz tone is present on analog 

input. 

Clock input. Internal clock can be 

generated by tying a 12.352 MHz 

crystal between this pin and GND, 

or by applying a 12.352 MHz or 

1.544MHz clock to this pin. 

Ground. Analog and digital inputs 

and outputs are referenced to this 

point. 

Positive supply. +5 V ± 10% 

Analog input. 



FUNCTION 



1 Vim + Positive Analog input. Positive 

input to the uncommitted op amp. 

2 Vim- Negative Analog input. Negative 

input to the uncommitted op amp. 

3 V ss Negative supply. - 5 V ± 10% 

4 TDET Tone detect output. Digital output 

which indicates when valid 
2713 Hz tone is present on analog 
input. 

5 CLKin Clock input. Internal clock can be 

generated by tying a 12.352 MHz 
crystal between this pin and GND, 
or by applying a 12.352 MHz or 
1.544MHz clock to this pin. 

6 GND Ground. Analog and digital inputs 

and outputs are referenced to this 
point. 

7 V C c Positive supply. +5 V± 10% 

8 Vout Analog output. Output of the 

uncommitted op amp. 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

V cc +6.5V 

V ss -6.5V 

Analog Input and Output V ss -0.3 V to V cc +0.3 V 

Digital Input and Outputs -0.3 V to V cc +0.3 V 

Input Current Per Pin ±25 mA 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto +150° C 

Lead Temperature (Soldering 10 sec.) 300° C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 

ML2031CP, ML2032CP 0°Cto +70°C 

ML2031IJ, ML2032IJ -40°Cto +85°C 

Supply Voltage 

V cc 4V to 6V 

V ss -4Vto-6V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A =T M | N to T MAX/ V C c = 5 V ± 10%, V ss = - 5 V ± 10%, CLK, N = 12.352 MHz ± 
CLK| N = 1.544MHz ±150 Hz, C L =100pF, dBm measurements use 600Q as reference load, uncommitted 
configuration. 



: 1200 Hz, or 

op amp in unity gain 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



TONE DETECT 



OP AMP 



MIN 



TYP 
NOTE : 



MAX 



UNITS 



f T D 


Tone Detection Frequency 


4 


V )N = +6dBm to -34dBm 


2703 




2723 


Hz 


f T R 


Tone Rejection Frequency 


4 




2679 




2747 


Hz 


A T d 


Tone Detection Amplitude 


4 


V, N = 2703 Hz to 2723 Hz 


-34 




+6 


dBm 


Atr 


Tone Rejection Amplitude 


4 




-40 






dBm 


SGM 


Signal to Guard Margin 


4 


800 Hz 

1400 Hz 

2000 Hz 

2450 Hz 

Signal = -13 dBm, 2713 Hz. 

See BELL PUB 43004 sec. 2.4 

for test method 


8 
8 
8 
8 




13 
13 
13 
13 


dB 
dB 
dB 
dB 


SFI 


SF Tone Immunity 


5 


V, N + = 2600 Hz 
No tone detect 






+6 


dBm 


tTD 


Tone Detect Delay 


4 


V, N + = -8dBm, 2713 Hz 
Figure 1 





10 


30 


ms 


t T R 


Tone Removal Delay 


4 


V, N + = -8dBm, 2713 Hz 
Figure 1 





4 


30 


ms 



V INR 


Input Voltage Range 


5 




±3 






V 


V OSW 


Output Voltage Swing 


4 


ML2032 Only 


±3 






V 


Vos 


Input Offset Voltage 


4 


ML2032 Only 






±20 


mV 


Z IN 


Input Impedance 


4 




1 






MQ 


A VOL 


DC Open Loop Gain 


4 




1k 


5k 




v/v 


fuc 


Unity Gain Frequency 


5 




0.5 


1 




MHz 


'CN 


Noise- 
Input Referred 


5 


C msg weighted 
1kHz 




-9 


-3 

375 


dBrnc 
nv/VPz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T A = T M in to T MAX / V cc = 5 V ± 10°/ 0/ V ss =- 5 V ± 10°/ O/ CLK| N = 12.352 MHz ± 1200 Hz, or 

CLK|n = 1.544MHz ±150 Hz, Q^IOOpF, dBm measurements use 600Q as reference load, uncommitted op amp in unity gain 

configuration. 



SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


DIGITAL AND DC 


V, L 


Input Low Voltage, CLK )N 


4 








1.5 


V 


V IH 


Input High Voltage, CLK, N 


4 




3.5 






V 


•iN 


Input Current, CLK )N 


4 


CLK, N = 1.5V to 3.5V 




10 


60 


M 




CLK| N = to 1.5V; 3.5V to V cc 




150 


500 


M 


C|N 


Input Capacitance, CLK| N 


5 






11 




PF 


Vol 


Output Low Voltage 


4 


l OL = -2mA 






0.4 


V 


Vqh 


Output High Voltage 


4 


'oh = 2mA 


4.0 






V 


'cc 


V cc Supply Current 


4 


No output load 






7.5 


mA 


Iss 


V ss Supply Current 


4 


No output load 






-4.5 


mA 


CLOCK OUTPUT 


fcLKl 


CLKqutI Output Frequency 


4 


Figure 2 


y 2 




Vi 


fdKl 


fc LK 2 


CLK ut2 Output Frequency 


4 


Figure 2 


y 8 




Va 


fcLKl 


*1R 


CLKqutI Output Rise Time 


4 


Figure 2, C L = 50pF 







20 


ns 


tlF 


CLK ut1 Output Fall Time 


4 


Figure 2, C L = 50pF 







20 


ns 


*2R 


CLK ut2 Output Rise Time 


4 


Figure 2, C L = 50pF 







20 


ns 


t 2 F 


CLK Q ut2 Output Fall Time 


4 


Figure 2, C L = 50pF 







20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 

100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 
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TIMING DIAGRAMS 



V|NH 



h-tTD— j 



K-tTR-J 



f 



■V 



tTD MEASURED FROM V| N + ZERO CROSSING TO 1.4V MIDPOINT ON TDET 
tTR MEASURED FROM 1.4 V MIDPOINT ON TDET TO ZERO CROSSING ON Vin + 



Figure 1. Tone Detect Timing 



fCLKl 



CLK, N 



CLKoUTl 



CLKOUT2 




ttf, tiR, t 2 F, t 2 R MEASURED BETWEEN 0.8 and 2.0 VOLT TRANSITION POINTS 
ALL OTHER PARAMETERS REFERRED TO 1.4V MIDPOINT 



Figure 2. Digital Clock Output Timing 



TYPICAL PERFORMANCE CURVE 



200 
150 
100 

h 50 

Z 

* 

D 
U 

.-so 

- -100 
-150 
-200 












v C c= 


= 5V 








T A = 


25°C 



























































2 3 

INPUT VOLTAGE (V) 



Figure 3. CLK iN Input Current vs. Input Voltage 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2031 has a divide by 2 and divide by 8 clock output to 
drive external devices. The ML2032 has an uncommitted op 
amp. Refer to the block diagram. 

1.1 Uncommitted Op Amp 

The ML2032 features an uncommitted op amp. The ML2031 
has the op amp connected in the unity gain configuration 
(V|N- internally tied to Vout)- 

The uncommitted op amp is a general purpose amplifier that 
can be used to interface the device with the analog tele- 
phone line. It has a high impedance input, a 0.5 MHz unity 
gain bandwidth, will drive a 1 k, 100 pF load, and the input 
and output can swing within 1.5 V of the supplies. 

1.2 Anti-Alias Filter 

The anti-alias filter is a continuous second order low pass 
designed to prevent high frequency signals at the input from 
being aliased into the passband by the sampling action of the 
switched capacitor filters. The typical 3dB corner frequency 
is 25 kHz and the typical rejection at 124 kHz is -30dB. 

1.3 60 Hz Reject Filter 

The 60 Hz reject filter is a switched capacitor second order 
high pass designed to reject 60 Hz line interference on the 
analog input. The typical 3dB corner frequency is 300 Hz 
and the typical rejection at 60 Hz is ~24dB. 

1.4 Tone Detector 

The tone detector is a monolithic block designed to indicate 
when a valid 2713 Hz tone is present on the analog input. A 
tone is valid if the following criteria are met: 

1. 2713 Hz tone satisfies amplitude vs. frequency tone 
detector template shown in Figure 4. 

2. The non-2713 Hz out of band energy present on the 
input is sufficiently small enough compared to the 
2713 Hz tone (signal to guard margin). 

The tone detector consists of 2713 Hz bandpass and notch 
filters, tone and guard peak detectors, tone and guard 
comparators, reference, and digital output buffer. 

The analog signal first goes through the 2713 Hz bandpass 
and notch switched capacitor filters. The bandpass filter 
outputs any 2713 Hz signal (tone), and the notch filter outputs 
any non-2713 Hz signals (guard) in the range of 300-4500 Hz, 
respectively. 



If 



■I 



■I 
i 



2703 2723 
| | 

2706 2713 2720 




BELL PUB 
^ 43004 




The tone and guard signals then go to peak detectors which 
output a DC voltage proportional to the 2713 Hz and non- 
2713 Hz energy present on the analog input. 

The tone comparator compares the tone energy to a fixed 
reference value to determine if it meets the amplitude 
requirements for tone detection shown in Figure 4. 

The guard comparator compares the tone energy to the 
guard energy to determine if the signal to guard margin is 
met. 

If both comparators indicate that a 2713 Hz tone and no out 
of band energy exists, the TDET output goes high indicating 
valid tone detection. If the signal comparator indicates insuffi- 
cient signal energy or the guard comparator indicates too 
much out of band energy, then the TDET output stays low 
indicating invalid tone output. 

1.5 Crystal Oscillator/Clock Generator 

The crystal oscillator/ clock generator generates the necessary 
internal clocks from either an external clock or an external 
crystal. 

If an external clock input is used to drive CLKin, the input 
frequency can either be 12.352MHz or 1.544MHz in order to 
meet the frequency template. The device has an internal 
frequency sense circuit that can sense the difference between 
12.352 MHz and 1.544 MHz and makes the necessary 
changes in the clock generator to accomodate either 
frequency at the input. 

If a crystal is used, a 12.352 MHz crystal must be connected 
between CLKin and GND. This unique 1-pin crystal oscillator 
does not generally require any external capacitors or other 
external components to meet the frequency template. The 
crystal should be physically placed as close as possible to the 
CLK|n pin to minimize stray inductances and capacitances. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 12.352000MHz 

3. Tolerance: ±0.005% @25°C 

4. Less than 0.005% variation over desired temperature 
range 

5. Maximum equivalent series resistance of 15 Q at a drive 
levelof1jiWto200fiW 

6. Maximum equivalent series resistance of 30Q at drive 
levelsof10nWto1juW 

7. Typical load capacitance: 18 pF 

8. Maximum case capacitance: 5 pF 

The frequency of oscillation will be a function of the crystal 
parameters and board capacitance. If the final oscillation 
frequency is different than the ideal 12.352 MHz, the tem- 
plate frequencies will change according to the formulas out- 
lined in section 1.6. If the crystal meets the above 
recommended parameters and typical PC board capacitance 
from CLKin to GND is 2 pF, then the device will meet the 
template specifications. Crystals that meet these require- 
ments are M-tron 3709-010 12.352 for 0°C to +70°C and 
3709-020 12.352 for -40°Cto +85°C operation. 



Figure 4. Tone Detector Template 
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1.0 FUNCTIONAL DESCRIPTION (Continued) 



The ML2031 has two clock outputs that can be used to drive 
other external devices. The CLKoufl output is a buffered 
output from the oscillator divided by 2. The CLKqut2 output 
is a buffered output from the oscillator divided by 8. If a 
12.352MHz clock or crystal is used, CLKout^ = 6.176MHz 
and CLKqut2 = 1.544MHz. 

1.6 Detecting Tones from 1000 Hz to 4000 Hz 

The tone detector frequency template shown in Figure 5 is 
proportional to the frequency of CLKin- Thus, the device can 
be set to a center frequency (other than 2713 Hz) by adjusting 
CLKin frequency. 

The external clock frequency, fCLK|N, needed to produce a 
given center frequency, can be calculated by: 

fCLK, N =f c x 4552.893 

once fCLK|N has been determined, the other template fre- 
quency points shown in Figure 5 can be calculated by: 

f DL =fCLK| N x2.18831x10-4 

f DU =fCLK, N x2.20450x10-4 

f R L=fCLK, N x2.16888x10-4 

f RU =fCLK, N x2.22393x10-4 

The above formulas are valid for center frequencies with the 
range of 1000 Hz to 4000 Hz. The internal divide by 8 cir- 
cuitry may be bypassed by applying a clock that is one eighth 
of the above calculated values. 

When the required CLKin frequency calculated above is less 
than 6 MHz, the internal frequency sense circuit may be- 



come enabled causing the detection of an erroneous center 
frequency. In this case, the divide by 8 function cannot be 
used and only the lower clock frequency may be used. For 
example, for a 1004 Hz tone detector, the clock frequency 
applied must be 571 kHz. 

1.7 Power Supplies 

The analog circuits in the device run from +5 to - 5 (Vcc to 
Vss) and are referenced to GND. 

The digital circuits in the device run from +5 to (Vcc to 
GND). 

It is recommended that the power supplies to the device be 
bypassed by placing decoupling capacitors from Vcc to GND 
and Vss to GND as physically close to the device as possible. 



-►Hz 



dBm 




Figure 5. Tone Detector Template 



2.0 APPLICATIONS 
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Figure 6. 4-Wire Termination Equipment 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2031CP 
ML2031IP 
ML2032CP 
ML2032IP 


0°C to +70°C 
-40°C to +85°C 

0°C to +70°C 
-40°C to +85°C 


MOLDED DIP (P08) 
MOLDED DIP (P08) 
MOLDED DIP (P08) 
MOLDED DIP (P08) 
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Programmable Sinewave Generator 



GENERAL DESCRIPTION 



FEATURES 



The frequency of these monolithic sinewave generators is 
programmable for the ML2035 from DC to 25kHz and for 
the ML2036 from DC to 50kHz. No external components 
are required. 

The frequency of the sinewave output is derived from 
either an external crystal or clock input, thus providing a 
stable and accurate frequency reference. The frequency is 
programmed by a 1 6-bit serial data word. 

The ML2035 is packaged in an 8-pin DIP and has a Vqut 
amplitude of ±Vcc/2. 

The ML2036 provides for a Vqut amplitude of either 
±Vref or ±Vrep/2. Also included with the ML2036 is an 
inhibit input which allows the sinewave output to be held 
at zero volts after completing the last half cycle of the 
sinewave preventing steps in voltage. Two pins of the 
ML2036 are clock outputs designed to drive other devices 
with one half or one eighth of the clock input frequency. 

The ML2035 and ML2036 are intended for 
telecommunications and modem applications that need 
low cost and accurate generation of precise test tones, call 
progress tones, and signaling tones. 



Programmable frequency DC to 50kHz 

Frequency resolution with 

fdKiN = 1 2MHz (±0.75Hz) 1 .5Hz 

Absolute gain error ±0.1 dB max 

Harmonic distortion -45dB max 

Output voltage amplitude of ±V REF or ±V RE p/2 

On chip crystal oscillator 3 to 1 2MHz 

ML2036 has clock outputs of 1/2 or 1/8 of the input 
clock frequency 

No external components required 

|iP compatible serial interface 

Double buffered data latch 

Synchronous or asynchronous data loading capability 

Power dissipation 50mW max from ±5 supplies 

Compatible with ML2031 and ML2032 tone detector, 
and ML2004 logarithmic gain/attenuator 

TTL/CMOS compatible inputs 

ML2035 package 8-pin DIP; ML2036 14-pin DIP or 
1 6-pin SOIC 

0°C to +70°C or -40°C to +85°C operating 
temperature range 



BLOCK DIAGRAMS 



ML2035 



ML2036 



CLKim 



CRYSTAL 
OSC 



8-BIT D/A 



s- 



PHASE 
ACCUMULATOR 
AND 512 POINT 
SINE LOOK-UP 

TABLE 



3K 

r-VvVt- 



SMOOTHING 
FILTER 



^16 
O — | 1 16-BIT DATA LATCH "~| 



SIDO 1 16-BIT SHIFT REGISTER^"] 

O 
SCK 



5K 
"MA, 1 



OP 
AMP, 




>VouT 



ZERO 
DETECT 



l\ A 



)V C C 
)GND 
>V SS 



CLKin 



CLKqutI 



CLKOUT2 
DGND 




Vref GAIN r-AAA^f 



8-BIT D/A 



SMOOTHING |_| + 
FILTER 



PHASE 
ACCUMULATOR 
AND 512 POINT 
SINE LOOK-UP 

TABLE 



16 



O — 9 1 16-BIT DATA LATCH ~~] 



SIDO 1 16-BIT SHIFT REGISTER I 

A 

SCK 



5K 

AAA — , 




OP 
AMP. 



An 



>V UT 



>V C C 
> AGND 
>V SS 



Pdn-inh 
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PIN CONFIGURATIONS 

ML2035 
8-Pin DIP (P08) 



VSS E 1 W 8 J CLK| N 

SCK \Z 2 7 3 GND 

SID C 3 6 "J VoUT 

LATI [4 5 ^ V C C 



ML2036 
14-Pin DIP (P1 4) 



VssC 1 

PDN-INH Q 2 

CLKoUTl C 3 

CLKOUT2 [ 4 

SCK £ 5 

SID [_ 6 

LATI [ 7 



^7 



14 ] CLK, N 
13 2 GAIN 
12 ] DGND 
11 2 AGND 
10 ] VoUT 
9 ] Vr E f 
8 ] Vcc 



ML2036 
16-Pin SOIC (SI 6W) 



NC 


cm 


i 


16 


3D 


CLKin 


Vss 


□nz 


2 


15 


na 


GAIN 


Pdn-inh 


nrr 


3 


14 


pea 


NC 


CLKqutI 


crc 


4 


13 


dud 


DGND 


CLKOUT2 


CE 


5 


12 


ZUD 


AGND 


SCK 


rn~ 


6 


11 


DDDl 


VoUT 


SID 


CUD 


7 


10 


Ha 


Vref 


LATI 


rn~ 


8 


9 


3D 


Vcc 



PIN DESCRIPTIONS 

ML2035 



PIN# NAME 



FUNCTION 



1 V SS 

2 SCK 

3 SID 

4 LATI 

5 V CC 

6 V UT 

7 GND 



8 CLK 



IN 



ML2036 

PIN# 
DIP SOIC NAME 



Negative supply. -5V ± 1 0%. 
Serial clock. Digital input which 
clocks in serial data on rising edges. 

Serial data. Serial input data which 
programs the frequency of Vqut- 
Serial latch. Digital input which 
latches serial data into the internal 
data latch on falling edges. 
Positive supply. +5V± 10%. 
Analog output. Vqut swing is ±Vcc/2. 
Ground. volts. All inputs and outputs 
referenced to this point. 
Clock input. Internal clock can be 
generated by tying a 3 to 12MHz 
crystal from this pin to GND or 
applying a clock directly to the pin. 



FUNCTION 



1 2 V SS 

2 3 Pdn-inh 

3 4 CLKquti 

4 5 CLKouT2 

5 6 SCK 

6 7 SID 

7 8 LATI 

8 9 V CC 

9 10 Vref 

10 11 Vqut 

11 12 AGND 

12 13 DGND 

13 15 GAIN 



14 16 CLKi 



■IN 



Negative supply. -5V ± 10%. 
Three level input. Controls inhibit 
mode and power down mode. 
Current source pull up to Vcc- 
Clock output. Digital output from 
internal clock generator that can drive 
other devices. faKOUTi = fcLKiN/2- 
Clock output. Digital output form 
internal generator that can drive 
other devices. f C LKOUT2 = fo.KiN/8- 
Serial clock. Digital input which 
clocks in serial data on rising edges. 
Serial data. Serial input data which 
programs the frequency of Vqut- 
Serial latch. Digital input which 
latches serial data into the internal 
data latch on falling edges. 
Positive supply. +5V ± 10%. 

Reference input. The voltage on this 
pin determines the peak-peak swing 
on Vout- Vref can De tied to Vcc- 
Analog output. 

Analog ground. volts. Analog inputs 
and outputs referenced to this point. 

Digital ground. volts. Analog inputs 
and outputs referenced to this point. 

Sets Vqut peak amplitude to V RE f or 
Vref/2. Current source pull down to 
DGND. 

Clock input. Internal clock can be 
generated by tying a 3 to 1 2MHz 
crystal from this pin to DGND or 
applying a clock directly to the pin. 
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Lead Temperature (soldering 10 sec) 

Dual-ln-Line Package (Molded) 260°C 

Dual-ln-Line Package (Ceramic) 300°C 

Molded Small Outline IC Package 

Vapor Phase (60 sec) 215°C 

Infrared (15 sec) 220°C 

OPERATING CONDITIONS 

Temperature Range (Note 2) 

ML2035CP, ML2036CP, ML2036CS 0°C to +70°C 

ML2035IJ, ML2036IJ -40°C to +85°C 



ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Supply Voltage 

V cc +6.5V 

V ss -6.5V 

Analog Input and Output V ss - 0.3V to V C c + 0.3V 

AGND Voltage V ss to V cc 

Digital Inputs and Outputs -0.3V to V C c + 0.3V 

Input Current per Pin ±25mA 

Power Dissipation 750mW 

Storage Temperature Range -65°C to +150°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = T M in to T MAX , V cc = 5V ± 1 0%, V ss = -5V ± 1 0%, CLKin = 1 2.352MHz, Vqut 'oad 
Cl = 100pF and Rl = 1 k, all digital timing measured at 1 .4V midpoint, and input control signals from 10% to 90% of 
V cc with t R = t F = 20ns. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP MAX UNITS 



Sinewave Generator 



Digital and DC 



HD 


Harmonic Distortion 


4 


2nd or 3rd 
harmonic 
relative to 
fundamental 


f OU T = 20Hz to 5kHz 






-45 


dB 




four = 5kHz to 25kHz 






-40 


dB 


SND 


Signal to Noise + 
Distortion 


4 


200Hz < f uT ^ 3400Hz, noise 
measured 200Hz to 4kHz 






-45 


dB 




20Hz < f UT ^ 25kHz, noise 
measured 20Hz to 75kHz 






-40 


dB 


ICN 


Output Idle Channel Noise 


4 


Power Down Mode, Cmsg weighted 




-20 





dBrnc 




Power Down Mode, 1 kHz 




50 




nV/VRz 


PSRR 


Power Supply Rejection 
Ratio 


5 


200mVp. P , 0-10kHz sine, 
measured on Vqut 


Vcc 






-40 


dB 




Vss 






-40 


dB 


Vos 


Vqut Offset Voltage 


4 








±75 


mV 


V PK 


Vout P ea k Voltage 








±V CC /2 




V 


V G N 


Vqut Gain Error 


4 


Relative 
to V cc 


fouT = 20Hz to 5kHz 






±0.1 


dB 




fOUT = 5kHz to 25kHz 






±0.3 


dB 



V| L , CLK 


Input Low Voltage, CLKin 


4 








1.5 


V 


V lH ,CLK 


Input High Voltage, CLK !N 


4 




3.5 






V 


hN,CLK 


Input Current, CLK| N 


4 


CLK, N = 1.5V to 3.5V 




10 


60 


uA 




CLK| N = to 1 .5V; 3.5V to V cc 






250 


uA 


C||\j, CLK 


Input Capacitance, CLKin 


5 






12 




pF 


V|L 


Input Low Voltage 


4 








0.8 


V 


V,H 


Input High Voltage 


4 




2.0 






V 


IlL 


Input Low Current 


4 


V, N = ov 


-1 






jiA 


llH 


Input High Current 


4 


V|N = V CC 






1 


^A 


C|N 


Digital Input Capacitance 








5 




pF 


Vol 


Output Low Voltage 


4 


Iql = -2mA 






0.4 


V 


Voh 


Output High Voltage 


4 


Iqh = 2mA 


4.0 






V 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Digital and DC (Continued) 


Ice 


Vcc Supply Current 


4 


No output load, Vcc = 5.5 V 






5.5 


mA 


Iss 


V$s Supply Current 


4 


No output load, V ss = -5.5V, 
V C c = 5.5 V 






-3.5 


mA 


lea 


Vcc Supply Current, 
Power Down Mode 


4 


No output load, Power Down Mode 






2.0 


uA 


•ssi 


V$s Supply Current, 
Power Down Mode 


4 


No output load, Power Down Mode 






-100 


uA 


Digital Timing 


tCKI 


CLK, N On/Off Period 


4 


t R = t F = 10ns, 2.5V midpoint 


30 






ns 


tsCK 


SCK On/Off Period 


4 




100 






ns 


tDS 


SID DATA Setup Time 


4 




50 






ns 


*DH 


SID DATA Hold Time 


4 




50 






ns 


*LPW 


LATI Pulse Width 


4 




50 






ns 


tLH 


LATI Hold Time 


4 




50 






ns 


tLS 


LATI Setup Time 


5 




50 






ns 
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ML2036 ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T M in to T MA x, V CC = 5V ± 1 0%, V ss = -5V ± 1 0%, AGND = DGND = 0V, V REF = 2.5V to 
V CC/ and CLK| N = 1 2.352MHz, V ut load C L = 1 0OpF and R L = 1 k, all digital timing measured at 1 .4V midpoint, and 
input control signals from 10% to 90% of Vcc with tR = tp = 20ns. 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP MAX UNITS 



Sinewave Generator 



HD 


Harmonic Distortion 


4,6 


2nd or 3rd 
harmonic 
relative to 
fundamental 


f OU T = 20Hz to 5kHz 






-45 


dB 




fOUT = 5kHz to 50kHz 






-40 


dB 


SND 


Signal to Noise + 
Distortion 


4,6 


200Hz < f Q UT ^ 3400Hz, noise 
measured 200Hz to 4kHz 






-45 


dB 








20Hz < f uT £ 50kHz, noise 
measured 20Hz to 1 50kHz 






-40 


dB 


ICN 


Output Idle Channel Noise 


4 


Power Down Mode, Cmsg weighted 




-20 





dBrnc 




Power Down Mode, 1 kHz 




50 




nV/VFlz 




Inhibit mode, 1kHz 




500 




nVA/Hz 


PSRR 


Power Supply Rejection 
Ratio 


5 


200mV P .p, 0-10kHz sine, 
measured on Vqut 


Vcc 






-40 


dB 




Vss 






-40 


dB 


Vos 


Vout Offset Voltage 


4,7 








±(0.025 + 

Voutp-f/ioo) 


V 


V PK 


Vqut P ea k Voltage 


6 


GAIN = V cc 




±v REF 




V 




GAIN = DGND 




±Vref/2 




V 


V SW 


Vout Swing 


5 


GAIN = V cc 


V SS + 1.5V 




V CC - 1-5V 


V 


Vgn 


Vout Gain Error 


4,6 


f OU T = 20Hz to 5kHz 






±0.1 


dB 




fouT = 5kHz to 50kHz 






±0.3 


dB 


Rref 


Reference Input Resistance 


4 




2.5 


12 




MQ 



Digital and DC 



V| L , CLK 


Input Low Voltage, CLKin 


4 








1.5 


V 


V, H ,CLK 


Input High Voltage, CLK iN 


4 




3.5 






V 


l lN , CLK 


Input Current, CLKin 


4 


CLK, N = 1.5V to 3.5V 




10 


60 


uA 




CLK| N = to 1 .5V; 3.5V to V CC 






250 


HA 


C||sj, CLK 


Input Capacitance, CLKin 


5 






12 




PF 


V|L 


Input Low Voltage 


4 


LATI, SID, GAIN, SCK 






0.8 


V 


V| H 


Input High Voltage 


4 


LATI, SID, GAIN, SCL 


2.0 






V 


ilL 


Input Low Current 


4 


V, N = 0V, LATI, SID, GAIN, SCK 


-1 






HA 


l|H 


Input High Current 


4 


Vin = Vcc, LATI, SID, Pdn-'NH, SCK 






1 


uA 


•lL/ P DN 


Input Low Current 


4 


Pdn-INH, V, n = 0V 


-70 


-20 


-5 


HA 


Iih.G 


Input High Current 


4 


GAIN, V| N = V CC 


5 


20 


70 


HA 


v n 


Input Logic Low Pdn-'NH 


4 




DGND-0.5 




0.8 


V 


V, 2 


Inhibit State Voltage P D n~INH 


4 








Vss + 0.5 


V 


V,3 


Input Logic High Pd N -INH 


4 




2.0 






V 


G|N 


Digital Input Capacitance 








5 




PF 


Vol 


Output Low Voltage 


4 


Iol = -2mA 






0.4 


V 


Voh 


Output High Voltage 


4 


Iqh = 2mA 


4.0 






V 
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ML2036 ELECTRICAL CHARACTERISTICS (Continued) 



SYMBOL 



PARAMETER 



NOTES 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Digital and DC (Continued) 



'cc 


Vcc Supply Current 


4 


No output load, V C c = Vref = 5.5V 






5.5 


mA 


Iss 


Vss Supply Current 


4 


No output load, V ss = -5.5V, 
Vcc = Vref = 5.5V 






-3.5 


mA 


'cci 


Vcc Supply Current, 
Power Down Mode 




No output load, power down mode 






2.0 


mA 


'ssi 


Vss Supply Current, 
Power Down Mode 




No output load, power down mode 






-100 


uA 



Digital Timing 



tCK1 


CLK| N On/Off Period 


4 


t R = t F = 10ns, 2.5V midpoint 


30 






ns 


tSCK 


SCK On/Off Period 


4 




100 






ns 


tDS 


SID DATA Setup Time 


4 




50 






ns 


tDH 


SID DATA Hold Time 


4 




50 






ns 


tLPW 


LATI Pulse Width 


4 




50 






ns 


tLH 


LATI Hold Time 


4 




50 






ns 


tLS 


LATI Setup Time 


5 




50 






ns 



Clock Output 



fcLKI 


CLKquti Output Frequency 


4 


Figure 2 


1/2 




1/2 


fdKIN 


fcLK2 


CLKouT2 Output Frequency 


4 


Figure 2 


1/8 




1/8 


fCLKIN 


tlR/ t 2 R 


CLKoUT1/ CLK UT2/ 

Output Rise Time 


5 


C L = 40pF, 10% and 90% 
transition point 







20 


ns 




4 


C L =100pF, 0.8V and 2.0V 
transition point 







20 


ns 


*1F/ t2F 


CLKoUTI/ CLK UT2/ 

Output Fall Time 


5 


C L = 40pF, 10% and 90% 
transition point 







20 


ns 




4 


C L = 100pF, 0.8V and 2.0V 
transition point 







20 


ns 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired All voltages unless otherwise specified are 

measured with respect to ground. 
Note 2: 0°C to +70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 

sampling, or by correlation with worst-case test conditions. 
Note 3: Typicals are parametric norm at 25°C. 
Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed Parameters not 100% tested are not in outgoing quality level calculation. 
Note 6: Maximum peak-to-peak voltage for output sinewave is Voutp-p ^ 25kV x Hz)/fouT- For example at 50kHz output the maximum guaranteed 

voltage swing is 2.5Vp.p. 
Note 7: Offset voltage is a function of the peak-to-peak output voltage, for example if Vqutp-p = 2.5V, Vqs = ±50mV max. 
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TIMING DIAGRAMS 



CLKin 




tLPW* 



Figure 1. Serial Interface Timing. 



CLKin 



CLKoUTl 



-fCLKIN 




V_^ \__/ 



CLKQUT2 



J 



— W H<-tlR -W H«— tiF 

\ / \ / 



fCLK2- 



H k-t 2 F 



\ 



y 



^r 



-t2R 



fCLK PARAMETERS REFERRED TO 1.4V MIDPOINT 



Figure 2. ML2036 Digital Clock Output Timing. 



TYPICAL PERFORMANCE 



50 
25 

-25 
-50 













Vcc 


= 5V 








T A = 


25°C 



























































2 3 

INPUT VOLTAGE (V) 



Figure 3. CLK iN Input Current vs. Input Voltage. 
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1.0 FUNCTIONAL DESCRIPTION 

The ML2035 and ML2036 are composed of a 
programmable frequency generator, sinewave generator 
crystal oscillator, and serial digital interface. The ML2035 



and ML2036 frequency and sinewave generator functional 
block diagram is shown in figure 4. 



16-BIT 
SHIFT REGISTER 



(16 BITS) 



16-BIT 
DATA LATCH 



(16 BITS) 



BINARY 
PHASE ACCUMULATOR 



rj 



Ai6 Ao B0-B20 

, , 21 -BIT 
A 2oAl5 ADDER 



fREF 



"Kino- ogJES* *&' 



SUM (21 BITS) 



21-BIT 
LATCH 



LEAST 

SIGNIFICANT 

(12 BITS) 



PHASE SAMPLES 
(7 BITS) 



INPUT TO 

QUADRANT 

COMPLEMENTOR 



QUADRANT 
[ BIT 



QUADRANT 
COMPLEMENTER 



(7 BITS) 



READ-ONLY 
MEMORY 

(128X7) 



(7 BITS) 



Y f~ 



^Jj] 



SIGN 
COMPLEMENTOR 



fREF 



(7 BITS) 



INPUT TO 
SIGN rcm 

BIT /flKrlTK. 



INPUT TO SIGN 
COMPLEMENTOR 

■iTflMllTr. 



INPUT TO 
OUTPUT LATCH 



SIGN 

V j BIT 



.'fflTh. 



OUTPUT 
LATCH 



(7BITS) 



SIGN 

if j/ bit 



8-BIT 

DIGITAL-TO-ANALOG 

CONVERTER 



LOW-PASS 
FILTER 



INPUT TO D/A 
CONVERTER 



PICTORIAL 
PRESENTATION 
OF DIGITAL DATA 



SINEWAVE 
OUTPUT 



INPUT TO 
LOW-PASS 

FILTER 

(ANALOG 

SIGNAL) 

OUTPUT OF 
LOW-PASS 

FILTER 
(ANALOG 
SIGNAL) 



Figure 4. Frequency and Sinewave Generator Functional Block Diagram. 
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1.1 PROGRAMMABLE FREQUENCY GENERATOR 

The programmable frequency generator produces a digital 
output whose frequency is determined by a 1 6-bit digital 
word. 

The frequency generator is composed of a phase 
accumulator which is clocked at fcLKiN/4- Tne value stored 
in the data latch is added to the phase accumulator every 
4 cycles of CLKin. The frequency of the analog output is 
equal to the rate at which the accumulator overflows and 
is given by the following equation: 



fn 



_ f CLKIN x(D15-DQ) DEC 
2 23 



The frequency resolution and the minimum frequency are 
the same and is given by the following equation: 



A f _ 'CLKIN 
At MIN--^~ 



When f CLKIN = 1 2.352MHz, Af MlN = 1 .5Hz (±0.75Hz). 
Lower frequencies are obtained by using a lower clock. 

Due to the phase quantization nature of the frequency 
generator spurious tones can be present in the output 
range of-55dB relative to fundamental. The energy from 
these tones is included in the signal to noise + distortion 
specification. The frequency of these tones can be very 
close to the fundamental, therefore it is not practical to 
filter them out. 

1.2 SINEWAVE GENERATOR 

The sinewave generator is composed of a sine look-up 
table, a DAC, and an output smoothing filter. The sine 
look-up table is addressed by the phase accumulator. 
The DAC is driven by the output of the look-up table 
and generates a staircase representation of a sinewave. 

The output smoothing filter "smooths" the analog output 
by removing the high frequency sampling components. 
The resultant voltage on Vqut ' s a sinusoid with all 
distortion components at least 45dB below the 
fundamental. 

The ML2035 provides a peak sinewave voltage of ±Mqq/2. 
The ML2036 has a Vref input that can be tied to Vcc or 
generated from an external voltage. With the gain input 
equal to a logic "1 " the sinewave peak voltage is equal to 
±Vref; with the gain input equal to a logic "0" the peak 
voltage is ±Vref/2. The sinewave output is referenced to 
AGND for the ML2036 and GND for the ML2035. 

The analog section is designed to operate over a range 
from DC to 50kHz. Due to slew rate limitations, the peak- 
to-peak output voltage must be limited to Vqutp-P ^ 
(1 25kV x Hz)/f Q uT- For example on the ML2036 an output 
at 50kH must be limited to 2.5V P . P . Since the ML2035 



peak-to-peak output voltage is equal to Vqo tne 
maximum output frequency must be limited to 25kHz for 
Vcc = 5V. Vqut can drive 1 kQ, 1 0OpF loads and swing to 
within 1 .5V of Vcc and V$s, provided the slew rate 
limitations mentioned above are not exceeded. 

The output offset voltage, Vqs/ is a function of the peak- 
to-peak output voltage and is specified as 



± 0.025+ v OUTP-P k/ 



100 



'MAX- 



For example, if V OUTP _ p = 2.5V 



then V os =±| 0.025 + 



2.5 
100 



So, V os = ±0.050 V MAX , or ± 50mV max. 



1.3 CRYSTAL OSCILLATOR 

The crystal oscillator generates an accurate reference 
clock for the programmable frequency generator. 

The internal clock can be generated with a crystal or 
external clock. 

If a crystal is used, it must be placed between CLKin and 
DGND of the ML2036 or GND of the ML2035. An on 
chip crystal oscillator will then generate the internal 
clock. No other external capacitors or components are 
required. The crystal should be a parallel resonant type 
with a frequency between 3MHz to 12.4MHz. It should 
be placed physically as close as possible to the CLKin an d 
DGND (GND). 

An external clock can drive CLKin directly if desired. The 
frequency of this clock can be anything from to 1 2MHz. 

The crystal must have the following characteristics: 

1. Parallel resonant type 

2. Frequency: 3MHz to 12.4MHz 

3. Maximum equivalent series resistance of 1 5fll at a drive 
level of 1uWto200uW 

4. Maximum equivalent series resistance of 30Q. at drive 
levels of 10nW to 1uA/V 

5. Typical load capacitance: 18pF 

6. Maximum case capacitance: 7pF 

The frequency of oscillation will be a function of the 
crystal parameters and board capacitance. Crystals that 
meet these requirements at 1 2. 352000MHz are M-tron 
3709-01 1 2.352 for 0°C to +70°C and 3709-020 1 2.352 
for -40°C to +85°C operation. 




Figure 5. Serial Interface Timing 
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The ML2036 has two clock outputs that can be used to 
drive other external devices. The CLKquti output is a 
buffered output from the oscillator divided by 2. The 
CLKqut2 output is a buffered output from the oscillator 
divided by 8. 

1.4 SERIAL DIGITAL INTERFACE 

The digital interface consists of a shift register and data 
latch. The serial 1 6-bit data word on SID is clocked into a 
1 6-bit shift register on rising edges of the serial shift clock, 
SCK. The LSB should be shifted in first and the MSB last as 
shown in figure 5. The data that has been shifted into the 
shift register is loaded into a 1 6-bit data latch on the 
falling edge of LATI. To insure that true data is loaded into 
the data latch from the shift register, LATI falling edge 
should occur when SCK is low, as shown in figure 1 . LATI 
should be low while shifting data into the shift register to 
avoid inadvertently entering the power down mode as 
described in paragraph 1 .5. Note that all data is entered 
and latched on edges, not levels, of SCK and LATI. 



1.5 INHIBIT AND POWER DOWN MODES 

1.5.1 ML2035 Power Down Mode 

The power down mode of the ML2035 can be selected by 
entering all zeros in the shift register and applying a logic 
"1" to LATI and holding it high. A zero data detect circuit 
detects when all bits in the shift register are zero's. In this 
state, the power consumption is reduced to 11 .5mW max, 
and Vqut g° es t0 OV as shown in figure 6 and appears as 
10k to analog ground. The master clock, CLKjn, can be 
left active or removed during power down mode. 

1.5.2 ML2036 Inhibit and Power Down Modes 

The ML2036 has an inhibit mode and a power down 
mode which are controlled by the three-level Pdn-INH 
input as described in table 1 . When a logic "1", V13, is 
applied to the Pdn-INH pin, the power down mode is 
entered in the same way as described for the ML2035. 
Also, the ML2036 will be placed in the power down 
mode by applying a logic "0" to the Pdn-INH pin. 

If V S s to V ss + 0.5V, V| 2 , is applied to the P DN -INH pin, 
the inhibit mode is entered by shifting all zero's into the 
shift register and applying a logic "1 " to the LATI pin. 
Once the inhibit mode is entered Vqut w '" complete the 
last half cycle of the sinewave and then be held at 
approximately Vqs/ such that no voltage step occurs, as 
shown in figure 6. 



PART 
NUMBER 


Pdn-INH 
MODE 


Pdn-INH 
PIN 


DATA IN 
SHIFT REG. 


LATI 


SINEWAVE OUTPUT 


ML2036 


PdnW 


Vn, Logic "0" 


X 


X 


VoUT = ov 
dOKtoAGND) 


ML2036 


Inhibit 


V| 2 , Inhibit State 

Voltage, Vss to 

V SS + 0.5V 


All 0's 


Logic "1 " 


Vqut g° e s to approximately Vqs 
at the next Vqs crossing. 
See figure 6. 


ML2035 & 
ML2036 


Pdn (1) 


V| 3 , Logic"!" 


All 0's 


Logic "1" 


V O ut = 0V 
OOKtoAGND) 



Note 1: In the power down mode, the oscillator, CLKquti and CLKouT2' sn| ft register, and data latch are all functional 

Table 1. Three Level P DN -INH Function. 



POWER DOWN MODE 



VQS 



INHIBIT MODE Vos 

0V 




sck JTJTnjnjriruTJTJTJTJ^^ 

S , D y-X- ^0 123456789 10 11 12 131415| 

LATI j 



'Vx'slf+Vp^Nf^ta^ 



FOR foUT > - 



Figure 6. Power Down and Inhibit Mode. 
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1.6 POWER SUPPLIES 

The analog circuitry in the device are powered from +5V 
to -5V (Vcc to V$s) and are referenced to AGND. 

The digital circuits in the device are powered from +5V to 
OV(V cc toDGND). 

For the ML2036, it is recommended that AGND and 
DGND be connected together close to the device and 
have a good connection back to the power source. 



It is recommended that the power supplies to the device 
should be bypassed by placing decoupling capacitors 
from V cc to AGND (GND for ML2035) and V ss to AGND 
(GND for ML2035) as physically close to the device as 
possible. 



2.0 TYPICAL APPLICATIONS 
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Figure 7. 4-Wire Termination Equipment. 



+5V 
Q 




TO 25Hz SINEWAVE 



VCC/2 



VCC/2 



-i- 0.1 pF 



0.1}iF 



ML2036 



Vcc 

GAIN 
AGND 



Vss 



Vref- 



2.5 V 
Vref 



6 

-5V 



Figure 8. Sinewave Ratiometric to ±V C c/2. 



Figure 9. Sinewave with ±2.5V P . P (5V P . P ). 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML2035IJ 
ML2035IP 


-40°C to +85°C 
-40°C to +85°C 


Hermetic DIP (J08) 
Molded DIP (P08) 


ML2036IJ 
ML2036IP 
ML2036IS 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


Hermetic DIP (J1 4) 
Molded DIP (P1 4) 
Molded SOIC(S16W) 


ML2035CP 
ML2036CP 
ML2036CS 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Molded DIP (P08) 
Molded DIP (P1 4) 
Molded SOIC(S16W) 
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Universal Dual Filter 



GENERAL DESCRIPTION 

TheML21 10 consists of two independent switched capaci- 
tor filters that perform second order filter functions such as 
lowpass, bandpass, highpass, notch and allpass. All filter 
configurations including Butterworth, Bessel, Cauer, and 
Chebyshev can be formed. 

The center frequency of these filters is tuned by an ex- 
ternal clock or the external clock and resistor ratio. 

The ML21 1 frequency range is specified to 30kHz with 
± 2.25V (single 5V operation) to ± 5.5V power supplies. 

For higher frequency operation the ML21 1 1 is specified up 
to 150kHz operation. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML21 1 is a pin compatible superior replacement for 
MF10, LMF100, and LTC1 060 filters. 



FEATURES 

■ Specified to 30kHz 

■ Center frequency x Q product < 2MHz 

■ Separate highpass, notch, allpass, bandpass, and 
lowpass outputs 

■ Center frequency accuracy ±0.3% or ±0.8% max 

■ Q accuracy ± 3% or ± 6% max 

■ Clock inputs TTL or CMOS compatible with duty 
cycle 40% to 60% 

■ Single 5V (± 2.25V) or ±5V supply operation 
■0°Cto70°C, -40°Cto+85°C, -55°Cto +125°C 

operating temperature range 

■ Standard 0.3" 20-pin DIP or 20-pin small outline 
(SOIC) package 



BLOCK DIAGRAM 



PIN CONNECTIONS 



ML2110 
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620 
LP B 
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ML2110 
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PIN DESCRIPTION 








PIN NO. 


NAME 


FUNCTION 


PIN NO. 


NAME 


FUNCTION 


1 


LPa 


Lowpass output for 
biquad A. 


12 


50/100/HOLD 


Input pin to control the 
clock to center frequency 


2 


BPa 


Bandpass output for 
biquad A. 






ratio of 50:1 or 100:1, or 
stops the clock to hold the 


3 


N/AP/HP A 


Notch/allpass/highpass 
output for biquad A. 






last sample of the band- 
pass or lowpass outputs. 


4 


INV A 


Inverting input of the 


13 


v D - 


Negative digital supply. 






summing op amp for 


14 


v A - 


Negative analog supply. 






biquad A. 


15 


AGND 


Analog ground. 


5 


S1 A 


Auxiliary signal input pin 
used in modes 1a, 1d, 4, 5, 
and 6b. 


16 


S1b 


Auxiliary signal input used 
in modes 1a, 1d, 4, 5, and 
6b. 


6 


Sa/b 


Controls S2 input 
function. 


17 


INV b 


Inverting input of the 
summing op amp for 


7 


Va + 


Positive analog supply. 






biquad B. 


8 


v D + 


Positive digital supply. 


18 


N/AP/HPb 


Notch/allpass/highpass 


9 


LSh 


Reference point for clock 






output for biquad B. 






input levels. Logic 


19 


bp b 


Bandpass output for 






threshold typically 1 .4V 






biquad B. 






above LSh voltage. 


20 


LPb 


Lowpass output for 


10 


CLK A 


Clock input for biquad A. 






biquad B. 


11 


CLK B 


Clock input for biquad B. 









ABSOLUTE MAXIMUM RATINGS 

(Notel) 

Supply Voltage 

|V A +|, |V D +|-|V A -|,|V D -| 13V 

V A + , V D + to LSh 13V 

Inputs |V A + , V D + 1 +0.3Vto |V A -, V D - 1 -0.3V 

Outputs |V A + , V D + 1 +0.3Vto |V A -, V D - j -0.3V 

| V A + 1 to |V D + 1 ±0.3V 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (soldering, 10 sec) 300°C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 
ML2110BCP,ML2110CCP / 

ML21 10BCS, ML21 10CCS 0°C to 70°C 

ML2110BIJ, ML21 10CIJ -40°Cto +85°C 

ML2110BMJ, ML2110CMJ -55°Cto +125°C 

Supply Voltage Range ±2.25Vto +6.0V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T a =T M in to T MA X/V A +=V D +=5V±107o,V A -=V D - = -5V± 10%, C L = 25pF,V| N = 2.5Vp K 
(1 .767 V RMS ) Clock Duty Cycle 40% to 60%. 





NOTES 


CONDITIONS 


ML2110B 


ML2110C 




PARAMETER 


MIN 


TYP 
NOTE 3 


MAX 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


Filter 


fo, Center Frequency 
Maximum 


5,6 


Figure 16 (Mode 1) 

Q < 50, Q Accu racy < ± 20% 

Q < 20, Q Accuracy < ± 1 0% 






20 
30 






20 
30 


kHz 
kHz 


fo, Center Frequency 
Minimum 


5,6 


Figure 16 (Model) 
Q<50,Q Accu racy < ±30% 
Q ^ 20, Q Accuracy < ± 1 5% 


25 

25 






25 
25 






Hz 
Hz 


f , Temperature 
Coefficient 




f C LK<1MHz 




-10 






-10 


* 


ppm/°C 


Clock to Center 
Frequency Ratio 


4 
4 


Q = 10 

Figure 16 (Mode 1) 

50:1,f C LK=250kHz 

100:1, fcLK = 500kHz 


49.85 
100.0 


50.0 
100.3 


50.15 
100.6 


49.60 
99.50 


50.0 
100.3 


50.40 
101.1 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T A =T M | N to T M AXrV A +=V D +=5V±107o / VA-=V D - = -5V±107o / C L = 25pF,V| N = 2. 5V PK 
(1 .767 Vrms) Clock Duty Cycle 40% to 60%. 



PARAMETER 



NOTES 



CONDITIONS 



ML2110B 



MIN 



TYP 
NOTE 3 



MAX 



ML2110C 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



Filter (Continued) 



Clock Frequency 


5 


Q <20, Q Accuracy < ± 1 5% 


2.5k 




1.5M 


2.5k 




1.5M 


Hz 


Clock Feedthrough 


5 


^CL K <1MHz 




10 


20 




10 


20 


mV(p-p) 


Q Accuracy 


4 


f o = 5kHz,Q = 10 


50:1 






±3 






±6 


% 






Figure 16 (Model) 


100:1 






±4 






±8 


% 


Q Temperature 




fcLK<500kHz,Q = 10 




20 






20 




ppm/°C 


Coefficient 




















DC Offset 




50:1, f C LK = 250kHz 
















VOS 2, 3 


4 


Sa/b High 




7 


40 




7 


60 


mV 


VoS 2, 3 


4 


Sa/b Low 




7 


40 




7 


60 


mV 


DC Offset 




100:1, f C LK = 500kHz 
















VoS2,3 


4 


Sa/b High 




14 


60 




14 


100 


mV 


V<DS2,3 


4 


Sa/b Low 




14 


60 




14 


100 


mV 


Gain Accuracy 




















DC Lowpass 


4 


R1=20k, R2 = 2k,R3 = 20k 




0.01 


2 




0.01 


2 


% 


Bandpass at f 


4 


100:1, fo = 5kHz, Q= 10 




1 


4 




1 


8 


%' 


DC Notch Output 


5 






0.02 


2 




0.02 


2 


% 


Noise 


7 


Figure 16 (Mode 1) 
Q = 1,R1=R2 = R3 = 2k 
Bandpass, 5kHz, 50:1 

5kHz, 100:1 
Lowpass, 5kHz, 50:1 

5kHz, 100:1 
Notch, 5kHz, 50:1 

5kHz, 100:1 




80 
100 
105 
130 
80 
100 






80 
100 
105 
130 
80 
100 




mVrms 
mVrms 
/*Vrms 
/A/rms 
mVrms 
/A/rms 




Figure 16 (Model) 




















Q = 10,R1=R3 = 20k,R2 = 2k 




















Bandpass, 5kHz, 50:1 




256 






256 




/A/rmS 






5kHz, 100:1 




315 






315 




JiVrms 






Lowpass, 5kHz, 50:1 




262 






262 




/A/rms 






(R1=2k) 5kHz, 100:1 




320 






320 




/A/rMS 






Notch, 5kHz, 50:1 




33 






33 




/A/rms 






(R1=2k) 5kHz, 100:1 




38 






38 




/iVrms 


Crosstalk 




f C LK=250kHz,f o = 5kHz 




-70 






-70 




dB 



Filter, V A + = V D + = 2.25V, V A 


- = V D - = -2.25V, V IN 


= 0.707 V PK (0.5Vrms) (NOTE 8) 










fo, Center Frequency 
Maximum 


5 


Figure 16 (Mode 1) 

Q < 50, Q Accuracy < + 25% 

Q < 20, Q Accuracy < ± 1 2% 






20 
30 






20 
30 


kHz 
kHz 


fo, Center Frequency 
Minimum 


5 


Figure 16 (Mode 1) 

Q < 50, Q Accuracy < ± 30% 

Q < 20, Q Accuracy < ± 1 5% 


25 
25 






25 
25 






Hz 
Hz 


Clock to Center 
Frequency Ratio 


4 
5 


Q=10 

Figure 16 (Mode 1) 
50:1, fax- 250kHz 
100:1, f C LK = 500kHz 


49.85 
100.0 


50.0 
100.3 


50.15 
100.6 


49.60 
99.50 


50.0 
100.3 


50.40 
101.1 




Clock Frequency 


5 


Q < 20, Q Accuracy < ± 1 5% 


2.5k 




1.5M 


2.5k 




1.5M 


Hz 


Q Accuracy 


4 


fcLK=250kHz,Q=10 
Figure 16 (Model) 


50:1 






±4 






±8 


% 




100:1 




±3 






±6 




% 
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ELECTRICAL CHARACTERISTICS (Continued) 

U n less otherwise specif iedT^^TMiN to TmaX/Va+ =Vp+ = 5V±10%, Va~ = Vq- 
(1 .767 Vrms) Clock Duty Cycle 40% to 60%. 



- -5V± 10%, C L =-25pF, V| N = 2.5V PK 



PARAMETER 



NOTES 



CONDITIONS 



ML2110B 



MIN 



TYP 
NOTE 3 



MAX 



ML2110C 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



Filter,V A +=V D +=: 


2.25V, V A - = V D - = - 2.25V, Vin = 0.707 V PK (0.5 Vrms) (Continued) 










Noise 


7 


Figure 16 (Model) 
Q=1,R1=R2 = R3 = 2k 
Bandpass, 5kHz, 50:1 

5kHz, 100:1 
Lowpass, 5kHz, 50:1 

5kHz, 100:1 
Notch, 5kHz, 50:1 

5kHz, 100:1 




80 
100 
105 
130 
80 
100 






80 
100 
105 
130 
80 
100 




/A/rms 

I^VrmS 

/A/rms 
/A/rms 
/A/rms 
/A/rms 




Figure 16 (Mode 1) 




















Q=10,R1=R3 = 20k,R2 = 2k 




















Bandpass, 5kHz, 50:1 




256 






256 




/A/rms 






5kHz, 100-1 




315 






315 




/A/ RMS 






Lowpass, 5kHz, 50:1 




262 






262 




/A/rms 






(R1=2k) 5kHz, 100:1 




320 






320 




/A/rms 






Notch, 5kHz, 50:1 




33 






33 




/A/rms 






(R1=2k) 5kHz, 100:1 




38 






38 




/A/rms 



Operational Amplifiers and Power Supply 



Vos DC Offset 


4 






2 


15 




2 


15 


mV 


DC Open Loop Gain 




R L =1k 




95 






95 




dB 


Gain Bandwidth 
Product 








2.4 






2.4 




MHz 


Slew Rate 








2.0 






2.0 




VI/AS 


Output Voltage 
Swing 
(Clipping Level) 


5 


R L = 2k, |V|fromV A+ orV A - 




.5 


1.2 




.5 


1.2 


V 


Output Short Circuit 
Current 




Source 
Sink 




50 
25 






50 
25 




mA 
mA 



Power Supply And Clock 



Supply Current 

(Ia+) + 0d+) 
(Ia-) + 0d-) 
Ilsh 


4 


f C LK = 250kHz 




13 
12 
0.5 


22 
21 
1 




13 
12 
0.5 


22 
21 
1 


mA 
mA 
mA 


Vclk Input Threshold 


4 


Low 
High 


2.0 




0.8 


2.0 




0.8 


V 
V 


CLKA, CLKB Pulse 
Width 


5 


CLKHighorCLKLow 


250 






250 






ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless 

otherwise specified are measured with respect to ground. 

Note 2: -55°Cto +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test 

conditions. 0°Cto 70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits 

guaranteed by 100% testing, sampling, or by correlation with worst-case test conditions. 

Note 3: Typicals are parametric norm at 25°C. 

Note 4: Parameter guaranteed and 100% production tested. 

Note 5: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 6: Center frequency is defined as the peak of the bandpass output. 

Note 7: The noise is measured with the HP8903A audio analyzer with a bandwidth of 30kHz which is 6 times the f at 50:1 or at 100:1. 

Note 8: For T A = -55°C to +125°C; V A + = V D + = 2.375V, V A - = V D - = -2.375V 
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TYPICAL PERFORMANCE CURVES 



ML2110 
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Figurel. f CL K^o vs. f C LK (100:1, 50:1 atV s = ±2.5VorV s = +5V) 
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Figure 2A. fcLK^o Deviation vs. Temperature (Vs = ± 5V) Figure 2B. fcLK^o Deviation vs. Temperature (V$ = ± 2.5V) 
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Figure 3. Q Error vs. f CL K (100:1, 50:1 at V s = ± 2.5V or V s = ± 5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 4A. Q Deviation vs. Temperature (V s = ± 5V) Figure 4B. Q Deviation vs. Temperature (V s = ± 2.5V) 
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Figure 5A. fcLK^o Deviation vs. Q (V s = ± 5V) 



Figure 5B. fcLK^ notch Deviation vs. Q (V s = ± 5V) 
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Figure 6A. Q Deviation vs. Q (50:1, V s = ± 5V) 



Figure 6B. Q Deviation vs. Q (100:1, V s = + 5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 7A. Distortion vs. f| N (50:1, V s = ± 5V) 



Figure 7B. Distortion vs. f| N (100:1, V s = ± 5V) 




2.5 5 7.5 10 12.5 15 17.5 20 22.5 25 
FREQUENCY (kHz) 




50:1 

BPo 

V S =±5V 

fcLK = 250kHz 

fo = 5kHz 

R1 = R2 = R3 = 2k- 

MODE1 



10 15 

FREQUENCY (kHz) 



Figure 8A. Noise Spectrum Density (Q = 1) 



Figure 8B. Noise Spectrum Density (Q = 10) 
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Figure 9. f CLK /f NO tch vs. f C LK 



Figure 10. Notch Depth vs fcLK 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 1 1 . Supply Current vs. Supply Voltage 
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Figure 12. Supply Current vs. Temperature 



FUNCTIONAL DESCRIPTION 

POWER SUPPLIES 

The analog (Va + ) and digital (Vd + ) supply voltage pins, in 
most cases, are tied together and bypassed to AGND with 
a 0.1 ^F and a 0.01 /*F disc ceramic capacitor. If high digital 
noise exists, the supply pins can be bypassed separately. 
The ML21 1 positive analog and positive digital supply 
pins are internally connected by the IC substrate and 
should be biased from the same DC source. 

The ML21 10 operates with a single supply from 5V±10% 
and with split supplies from ±4.5Vto ±6V supplies. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ±4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGND or V A - pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 1 5, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

50/100/HOLD(Pin12) 

By tying pin 12 to (Va + , Vp + ) the filter operates in the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML21 10 operates in the 100:1 
mode. The range of pin 1 2 with total supply voltage of 
+ 5V is 2.5±0.5V; + 10V is 5V± 0.5V. When pin 12 is tied 
to the negative supply pin, the filter operation is stopped 
and the bandpass and lowpass outputs act as an S/H cir- 
cuit holding the last sample. 

S1 A , S1 B/ (Pins5and16) 

These are voltage signal input pins and should be driven 
with a source impedance below 5k. The S1 a, S1 b pins can 
be used to alter the clock to center frequency ratio (fcLK^o) 
of the filter (see modes 1 b, 1 c, 2a, 2b) or to feedforward 
the input signal for allpass filter configurations (see modes 
4 and 5). When these pins are not used, they should be 
tied to the AGND pin. 



S A/B (Pin 6) 

When Sa/b is high, the S2 negative input of the voltage 
summer is tied to the lowpass output. When the S a /b pin is 
connected to the negative supply, the S2 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0.1/jF capacitor. The positive inputs 
of the internal op amps and the reference point of the in- 
ternal switches are connected to the AGND pin. 

Wfo RATIO 

The ML21 10 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fcLK/U rat '° decreases 
and when the Qs are low. 

f xQ PRODUCT RATIO 

The f xQ product of the ML21 10 depends on the clock 
frequency and the mode of operation. For clock frequen- 
cies below 1MHz, in mode 1 and its derivatives, the 
f xQ product is mainly limited by the desired f and Q 
accuracy. For the same clock frequency and for the same 
Q value the f xQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1 . 

Mode 3, Figure 24, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1 . The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise oftheML21 10 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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FILTER FUNCTION DEFINITIONS 

Each filter of the ML21 1 with an external clock and resis- 
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1 . Bandpass function: available at the bandpass output 
pins (2, 19), Figure 13. 

G(s) = Hqbp t~ — J7Z T 

S 2 + (sw /Q) + co 

HoBP^Gain atco = co 

f o = a) /27r; f is the center frequency of the com- 
plex pole pair. f is measured as the peak fre- 
quency of the bandpass output. 

Q = Quality factor of the complex pole pair. It is the 
ratio of f Q to the -3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 14. 

,,2 

G(s) = H OL p- 



s 2 + s(o> /Q) + <4 

Holp= DC gain of the LP output. 

3. Highpass function: available only in mode 3 at the out- 
put pins (3, 1 8), Figure 1 5. 



G(s) = Hqhp- 



s 2 + s(co /Q) + c4 
HoHP = g a ' n of the H P output for f- 



2 



Notch function: available at pins 3 (18) for several 
modes of operation. 

(s 2 + co 2 n ) 



G(s) = (H ON 2)- 



s 2 + s(oj /Q) + co 2 , 



HoN2 = g a ' n of the notch output for f-^ 



fcLK 



Hqni =gain of the notch output for f—0 

f n = co n /2ir; f n is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(1 8) for mode 4, 4a. 

[s 2 -s(co /Q)+4] 



G(s) = H ap- 



s 2 + s{o) IQ) + u 2 



HoAP = g ain of the allpass output for 0<f< 



fcl-K 



For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re- 
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than f . 
For high numerator Q's, the magnitude response will have 
a notch at fz. 



s Hobp 
z 0.707 Hqbp 



BANDPASS OUTPUT 




"fH-V 



fL fo fH 
f (LOG SCALE) 



^(il'W 



Figure 13 



I 



Hop 

HOLP 



Z 0.707 HoLP 

5 



LOWPASS OUTPUT 



fp fc 

f (LOG SCALE) 



*-«•" vF^WRSF 7 



*-sH* 



20^ 



Hop=Hqlpx 



Figure 14 



$ Hop 

> Hohp 

z 0.707 Hohp 
< 



HIGHPASS OUTPUT 

I 



fc fp 

f (LOG SCALE) 



fc = fo* 
f p = fo x 



Vo-&We-&-)H 



V^ 



2Q 2 



Hop = Hohp x 



Figure 15 
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OPERATION MODES 



Table 1 . 1 st Order Functions 



MODE 


PIN 2 (19) 


PIN 3 (18) 


fc 


h 


6a 


LP 


HP 


klK ^ R2 
100(50) R3 




6b 


LP 


LP 


fcLK v R2 
100(50) R3 




7 


LP 


AP 


fcLK ^ R2 
100(50) R3 


fci_K R2 

100(50) R3 



Table 2. 2nd Order Functions 



MODE 


PIN 1 (20) 


PIN 2 (19) 


PIN 3 (18) 


fo 


fN 


1 


LP 


BP 


Notch 


fdK 

100(50) 


fo 


1a 


LP 


BP 


BP 


fcl-K 

100(50) 




1b 


LP 


BP 


Notch 


f CLK / R6 


T CLK / R6 




100(50) " V ' ' R5 + R6 


100(50) " V ' ' R5 + R6 


1c 


LP 


BP 


Notch 


tCLK / R6 


tCLK / R6 




100(50) "V R5 + R6 


100(50) "V R5 + R6 


Id 


LP 
LP 


BP 
BP 


Notch 


fcl-K 

100(50) 




2 


tCLK /- R2 

100(50) V + R4 


fcLK 
100(50) 


2a 


LP 


BP 


Notch 


tcLK / R2 R6 


r CLK / R6 




100(50) " V ' R4* R5 + R6 


100(50) " V '"'" R5 + R6 


2b 


LP 


BP 


Notch 


tdK „ /R2 R6 


'CLK / R6 




100(50) "VR4 ' R5 + R6 


100(50) "V R5 + R6 


3 


LP 


BP 


HP 


fcLK „ [R2 
100(50) X VR4 




3a 


LP 


BP 


Notch 


f C LK /R2 
100(50) V R4 


kiK .. /Rh 
100(50) X V R| 


4 


LP 


BP 


AP 


fcl-K 

100(50) 




4a 


LP 
LP 


BP 
BP 


AP 
C.Z 


klK _ /R2 
100(50) VR4 




5 


tGLK xJl+ R2 
100(50) V R4 


r CLK . / R1 
100(50) V R4 
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OPERATION MODES (Continued) 

There are basically three modes of operation: mode 1 , 
mode 2, mode 3. In the mode 1, Figure 16, the input 
amplifier is outside the resonant loop. Because of this, 
mode 1 and its derivatives (mode la, lb, 1c, Id) are faster 
than modes 2 and 3. 

Mode 1 a, Figure 1 7, represents the most simple hook-up 
oftheML2110. Mode 1a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, mode 
1 a is not practical as it requires several clock frequencies 
to tune the overall filter response. 

Mode 1 , Figure 1 6, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out- 
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. 

Modes 1b and 1c, Figures 18, 19 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre- 
quency can be adjusted with an external resistor ratio. 



The clock to center frequency ratio range is: 



500 f CL K 100 50 , . 

>-^> or—; mode 1b 

1 fo 1 1 



100 50 f CLK 

or — >-^^ = 

1 1 fo 



100 50 , „ 

— t=- or — t=--; mode 1 c 
V2 V2 



The input impedance of the S1 pin is clock dependent, 
and in general R5 should not be larger than 5k. Mode 1b 
can be used to increase the clock to center frequency ratio 
beyond 100:1 . For this mode, the limit for the (fcLK/U ratio 
is 500:1 . Beyond this, the filter will exhibit large output off- 
sets. Mode Id, Figure 20, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 20kHz can 
easily be achieved. 

Modes 2, 2a, and 2b have a notch output which fre- 
quency, f n , can be tuned independently from the center 
frequency, f . For all cases, however, f n <f - These modes 
are useful when cascading second order functions to cre- 
ate an overall elliptic highpass, bandpass or notch re- 
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1 's. 



1/2ML2110 





K£HH> 



2(19) TK20) 



fCLK 



R2 ! Hono=-R3 :H ^, 1 =-R2 : o=M 



fo =io^r ;f "= fo ' HoLP =-it ;HoBP =-^ HoNi =-if ;Q -R2 



fo= 100(50) ?Q= R2 ? H ° BP1 = " R2 ; H OBP2 = KNONINVERTING);HoLP= -1 



Figure 16. Mode 1: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 



Figure 17. Mode 1a: 2nd Order Filter Providing 
Bandpass, Lowpass 
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OPERATION MODES (Continued) 



1/2ML2110 




f ° 100(50) V' T R5 + R6''" "" vt R2V' T R5+R6' 

H0Nltf-t»-H0N2 (f-*f ) =-^HOBP=-ff;HoLP= T ~^L r ;R5<5k« 

Figure 18. Mode 1b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 



R5 

-VW- 




S1A 

5(16) 



K£H>H>' 



BP 

2(19) 



LP 

1(20) 



fCLK 



r V"R5TR6"' fn " fo ' Q " R2 V^5TR6 ' 
HoN1<M»-HoN2 (f-*f ) --gjHoLP— j ^g^ gr ;HoBP-g J R5<5fcD 

Figure 19. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, Lowpass 



1/2ML2110 



R2 

-vw 



R3a 



S1a 
5(16) 



KsHH^ 




{ _ feu .r»-i j. R3a - h^oo- R2 vn 

fo= loo(5oT' Q=1+ R^' HoBp - "ri xQ 



Figure 20. Mode 1d: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater Than or Equal to 1 . 
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OPERATION MODES (Continued) 



1/2ML2110 




fdK L R2. f fdK . n ^ R3. L , R2. H - IP= - R2/R1 

100(50) V R4' n 100(50) ' V R2 V R4' OLP 1 + (R2/R4) 



H O BP=-R3/R1;HoNl(f-0) = 



1 + (R2/R4) 



; H N2 (f- ^) = - R2/R1 



Figure 21 . Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
1/2ML2110 




fdK L , R2 R6 mf = fdK /, R6 - n ^ R3 ^ 

100(50) V R4 R5 + R6' n 100(50) V R5 + R6'^ R2V 

H BP= -Mi H OL P= 1+(R2/R4 ^ (R5 + R6)1 

Figure 22. Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2ML2110 



R2 , R6 
R4 R5 + R6 




fdK /R2 



_JcLK_ 



f-Q- 



° 100(50) VR4 R5 + R6' n 100(50) V R5 + R6' ^ R2VR4 R5 + R6 
"ON.tf- W --g| (Bw y^g t . 8l | ."ON, (.-^) „_„«, 
- R2/R1 



Hobp=-R3/R1;Hqlp = 



(R2/R4) + [R6/(R5 + R6)] 



Figure 23. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 24, a single resistor ratio (R2/R4) can 
tune the center frequency below or above the fct_i</1 00 (° r 
fcLx/50) ratio. Mode 3 is a state variable configuration 
since it provides a highpass, bandpass, lowpass output 
through progressive integration; notches are obtained by 
summing the highpass and lowpass outputs (mode 3a, 
Figure 25). The notch frequency can be tuned below or 
above the center frequency through the resistor ratio (Rj,/ 
R|). Because of this, modes 3 and 3a are the most versatile 
and useful modes for cascading second order sections to 
obtain high order elliptic filters. Figure 33, shows the 2 sec- 
tions connected in mode 3a to obtain a clock tunable 4th 
order sharp elliptic bandpass filter. The first notch is cre- 
ated by summing directly the HP and LP outputs of the first 
section into the inverting input of the second section op 
amp. The individual Q's are 29.6 and the filter maintains 
its shape and performance up to 20kHz center frequency, 
as shown in Figure 34. For this circuit an external op amp 
is required to obtain the 2nd notch. The dynamics of 
Figure 34 show that the amplitude response at each output 
pin does not exceed OdB. The gain in the passband 



depends on the ratio of (R g /Rh2) x (R22/R h1 ) x (R21/R1 1 ). 
Any gain value can be obtained by acting on the (R g /Rh2) 
ratio of the external op amp, the remaining ratios are 
adjusted for optimum dynamics of the output nodes. The 
external op amp of Figure 33 is not always required. In 
Figure 35, one section in mode 3a is cascaded with the 
other section in mode 2b to obtain a 4th order, IdB ripple, 
elliptic bandreject filter. The clock to center frequency 
ratio is adjusted to 200:1 ; this is done in order to better ap- 
proximate a linear R,C notch filter. The amplitude re- 
sponse of the filter is shown in Figure 36 with up to 1MHz 
clock frequency. The OdB bandwidth to the stop band- 
width ratio is 8/1 . When the filter is centered at 1 kHz, it 
should theoretically have a 44dB rejection with a 50Hz 
stop bandwidth. For a more narrow filter than the above, 
the unused BP output of the mode 2b section, Figure 35, 
has a gain exceeding unity which limits the dynamic range 
of the overall filter. For very selective bandpass/bandreject 
filters, the mode 3a approach as in Figure 25, yields better 
dynamic range since the external op amp helps to opti- 
mize the dynamics of the output nodes of the ML21 10. 



1/2ML2110 



1 AAA. Q nr <*)S1A - (S»r A 

' vvv Y?/iq\ Yr/iti '2(19) ^ 




kHH^ 



LP 
1(20) 



fCLK /R2. q = R3 /R2. . 



R3 

R1 



Figure 24. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, Lowpass 

1/2ML2110 




Hohp - - R2/R1; Hqbp = - R3/R1, Hqlp - - R4/R1 



Ho N ,(f-o,.|xM„ ON2 ( f _tai) ^ x 82 ;HoN(( = U „ Q (|Ho L P-iHo„p) 
Figure 25. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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OPERATION MODES (Continued) 



1/2ML2110 




f fCLK /R2. ^ R3, lia. HrtAO _ R5. H ^ uo _ R2. H - DD . R3. H _ ID _ R4 

fo = looWV R4 ; Q = R2V R4 ? H ° AP = 2R' H ° HP " " IT' H ° BP " " R1' H ° LP " " R1 



Figure 26. Mode 4a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Allpass 



1/2ML2110 




1(20) 



fo =iiow ;Q= § HoAP= -|f ;HoLP =- 2;HoBP= - 2 (ti) 



Figure 27. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 
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OPERATION MODES (Continued) 
1/2ML2110 




fclK , A . R2. 



'1 4. *£■ { - 



fdK 



'1+5? 



100(50) V R4' z 100(50) V R4' ^ R2 V R4 



(R4/R2) 

u nDD . R3 /, . R2\ .„„,„. 1+(R2/R1) 
H BP= ^ (1 + ^) , H OL P= 1+ J R2/R4 J 



fCLK\ _ R2. 
R1' 



1/2ML2110 




-in ASIA /K Lr Q 

Y^m V 5(16 ) YoMox V 



i #> 1 l>' 



fc= 100(50?R3 ; H ° LP= " R3/R1; H ° HP= " R2/R1 



Figure 29. Mode 6a: 1st Order Filter Providing Highpass, 
Lowpass 



Figure 28. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 
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1/2ML2110 




o,,' <> , A o Lrit o 



K£>|>i> 



2(19) T1(20) 



fc= io^5W ?HoLP1=1;HoLP2= -i 




lM|5W ;fz = 1»3-' GA,N AT OUTPUTS FOR0*f * *J* 



Figure 30. Mode 6b: 1st Order Filter Providing Lowpass 



Figure 31 . Mode 7: 1 st Order Filter Providing Allpass, 
Lowpass 
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OPERATION MODES (Continued) 




T 2 LORCMOSCLKIN 



PRECISE RESISTOR VALUES 
R11 = 149.55k R12 = 44.1k 

R21= 4.988k R22 = 4.999k 

R31 = 149.73k R32 = 143.5k 

R51= 2.538k R52 = 2.498k 

R61= 2.495k R62 = 4.331k 



OdB 
-5dB 
10dB 
15dB 
20dB 
25dB 




























««-50Hz-*- 




fcu = 40kHz 








































































































0.9kHz 1kHz 1.1kHz 


OdB 
-5dB 
10dB 
15dB 
20dB 
25dB 




























-«-1kHz-* 


\ 


fCLK 


= 800kHz 














\ 



























































































20kHz 21kHz 22kHz 



Figure 32. Cascading the 2 sections connected in mode 1 b to obtain a clock tunable 4th order 1dB ripple 
bandpass Chebyshev filter with (center f requency)/(Ripple Bw) = 20/1 . 



R11 
Vin— VW-*- 




RESISTOR VALUES 

R11 = 155.93k R21=5k R31 = 152k R41 = 5.27k 

RM = 13.2k Rn = 10.74k R22 = 5.26k R32 = 151.8k 

R42 = 5k R| 2 = 6.11k R n2 = 5k R g = 37.3k 

NOTE: FOR CLOCK FREQUENCIES ABOVE 700kHz A 12pF CAPACITOR ACROSS R41 AND A 20pF 
CAPACITOR ACROSS R42 WERE USED TO PREVENT THE PASSBAND RIPPLE FROM ANY 
ADDITIONAL PEAKING. 

Figure 33. Combining mode 3 with mode 3a to make the 4th order BP filter of Figure 34 with improved 
dynamics. The gain at each node is <0dB for all input frequencies. 
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OPERATION MODES (Continued) 



OdB 


























r 


°\ 










10dB 








/ 


\ 


fCLK - 


OOkh 


z 










\ 










20dB 












\ 








«n 


X»s 








\ 




■^ 




30dB 




^ 


J 








/ 


















f 






40dB 






^ 




































50dB 











































OdB 


























r 


\ 


















/ 


\ 


*CLK=1MHz 












/ 


\ 






















I 










-*^ 


*v 


I 






\ 












N 


J 






\ 




















v 




















V 





































































1.5kHz 1.75kHz 2kHz 2.25kHz 2.5kHz 
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Figure 34. The BP filter of Figure 33, when swept from a 2kHz to 20kHz center frequency. 



R11 
V|n— A^V- 



R41 
r—WAr- 

R31 
<— VVNr- 

R21 
A/W- 



Rhj 
-VNAr- 

Rli 
-VNAr- 



V + = 
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■=■ 6 



VI OR CMOS 
CLOCK IN 
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i-AAAr- 
) I R52 



R32 
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-►VOUT 



15 
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nr 



R11=60k 
R41 - 28.84k 
R52 = 5k 
R32 = 455.75k 



RESISTOR VALUES 
R21 - 5k 
Rh1 = 5k 
R62 = 1.59k 
R42 = 503.85k 



R31 = 54.75k 
R|1 = 19.3k 
R22 = 60k 



0_ 











































































































v 
























\ 
























\ 
























) 


t 


/ 
























/ 


























fCL 
fo 


K_20 
1 


Mcl 


<w 


Hz 




































\i 
























V 


i 
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INPUT FREQUENCY NORMALIZED TO FILTER CENTER FREQUENCY 



Figure 35. Combining mode 3 with mode 2b to create a 
4th order BP elliptic filter with 1dB ripple and a ratio of 
Odb to stop bandwidth equal to 8/1 . 



Figure 36. Amplitude Response of the Notch Filter of 
Figure 35. 



3-82 



3^ Micro Linear 



ML2110 



OFFSETS 

Switched capacitor integrators generally exhibit higher in- 
put offsets than discrete R,C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall offset budget. 

Figure 37 shows half of the ML21 1 filter with its equiva- 
lent input offsets Vqsi/ Vos2/ Vos3- 

The DC offset at the filter bandpass output is always equal 
to Vos3- The DC offsets at the remaining two outputs 



(Notch and LP) depend on the mode of operation and ex- 
ternal resistor ratios. Table 3 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 

2. The ratio (fcLK^o) increases beyond 100:1 . This is done 
by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 




Figure 37. Equivalent Input Offsets of 1/2 ML21 10 Filter 
Table 3 



MODE 


V OSN 

PIN 3 (18) 


V OSBP 

PIN 2 (19) 


V OSLP 

PIN 1 (20) 


1/4 


Vosi[(1/Q> + i + IHolpI]-Vos3/Q 


V OS3 


V OSN _V OS2 


1a 


Vosin+0/Q)]-Vos3/Q 


V S3 


V OSN~ V OS2 


1b 


Vosi[0/Q) + 1+R2/Ri]-Vos 3 /Q 


V OS3 


~(Vosn-Vos2)(1+R5/R6) 


1c 


Vosi [0 /Q) + 1 + R2/R1 ] - V s3 /Q 


V S3 


OSN ° b2; ( R5 + 2R6) 


Id 


V OS i[1+R2/R1] 


VOS3 


V OSN ~ V OS2 - VoS3/Q 


2,5 


[V OS i d + R2/R1 + R2/R3 + R2/R4) - V OS 3(R2/R3)] x 
[R4/(R2 + R4)] + V OS2 [R2/(R2 + R4)] 


V OS3 


V OSN~ V OS2 


2a 


[Vosi d + R2/R1 + R2/R3 + R2/R4) - V OS 3 (R2/R3)] x 
[ R4(1+k) I f R2 | .,,_ R6 
[R2 + R4(1+k)| wi>i lR2 + R4(1+k)J '* R5 + R6 


VOS3 


~(V OS N-VoS2) (R5 + R6) 
OSN Ob2> (R5 + 2R6 ) 


2b 


[V OS i(1 +R2/R1 +R2/R3 + R2/R4)-V S3(R2/R3)]x 
[ R4k 1 w [ R2 ] , R6 


V OS3 


-(VosN-Vos 2 )(1+R5/R6) 




lR2 + R4kJ "^ I R2 + R4k j '* R5 + R6 




3,4a 


V OS2 


VqS3 


^-hS*fi|-^(E) 



ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2110BCP 


0°C to +70°C 


MOLDED DIP (P20) 


ML2110CCP 


0°C to +70°C 


MOLDED DIP (P20) 


ML2110BCS 


0°C to +70°C 


MOLDED SOIC (S20W) 


ML2110CCS 


0°C to +70°C 


MOLDED SOIC (S20W) 


ML2110BIJ 


-40°C to +85°C 


HERMETIC DIP (J20) 


ML2110CIJ 


-40°C to +85°C 


HERMETIC DIP (J20) 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2110BMJ 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2110CMJ 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2110BIP 


-40°C to +85°C 


MOLDED DIP (P20) 


ML2110CIP 


-40°C to +85°C 


MOLDED DIP (P20) 


ML2110BIS 


-40°C to +85°C 


MOLDED SOIC (S20W) 


ML2110CIS 


-40°C to +85°C 


MOLDED SOIC (S20W) 
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Universal Hi-Frequency Dual Filter 



GENERAL DESCRIPTION 

The ML21 1 1 consists of two independent switched capaci- 
tor filters that operate up to 1 50kHz. These filters perform 
second order functions, such as lowpass, bandpass, high- 
pass, notch and allpass. All filter configurations, including 
Butterworth, Bessel, Cauerand Chebyshevcan be formed. 

The center frequency of these filters are tuned by an ex- 
ternal clock or the external clock and a resistor ratio. 

The ML21 1 1 frequency range up to 1 50kHz is specified 
with ± 5.0V ±10% power supplies. Using a single 
5.0V ±10% power supply the frequency range is up to 
100kHz. 

These filters are ideal where center frequency accuracy 
and high Qs are needed. 

The ML21 1 1 is a pin compatible superior replacement for 
MF10, LMF100, and LTC1 060 filters. 



FEATURES 

■ Guaranteed frequency range to 150 kHz 

■ Center frequency x Q product <5MHz 

■ Separate highpass, notch, allpass, bandpass, and 
lowpass outputs 

■ Center frequency accuracy ±0.4% or ±0.8% max 

■ Q accu racy ± 4% , or ± 8% max 

■ Clock inputs TTL or CMOS compatible 

■ Single 5V(±2.25V) or ±5V ±107o supply operation 
guaranteed 

■ 0°Cto +70°C, -40°Cto +85°C, -55°Cto +125°C 
operating temperature range 

■ Standard 0.3" 20-pin DIP or 20-pin small outline 
(SOIC) package 
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PIN DESCRIPTION 










PIN NO. 


NAME 


FUNCTION 


PIN NO. 


NAME 


FUNCTION 


1 


lp a 


Lowpass output for 
biquad A. 


12 


50/100/HOLD 


Input pin to control the 
clock to center 


2 


bp a 


Bandpass output for 
biquad A. 






frequency ratio of 50:1 or 
100:1, or stops the clock 


3 


N/AP/HP A 


Notch/allpass/highpass 
output for biquad A. 






to hold the last sample of 
the bandpass or lowpass 


4 


INV A 


Inverting input of the 
summing op amp for 


13 


v D - 


outputs. 

Negative digital supply. 






biquad A. 


14 


V A - 


Negative analog supply. 


5 


S1 A 


Auxiliary signal input pin 


15 


AGND 


Analog ground. 






used in modes la, Id, 4, 


16 


S1b 


Auxiliary signal input 






5, and 6b. 






used in modes 1a, 1d, 4, 


6 


Sa/b 


Controls S2 input 






5, and 6b. 






function. 


17 


INV B 


Inverting input of the 


7 


v A + 


Positive analog supply. 






summing op amp for 


8 


v D + 


Positive digital supply. 






biquad B. 


9 


LSh 


Reference point for clock 
input levels. Logic 


18 


N/AP/HPb 


Notch/allpass/highpass 
output for biquad B. 






threshold typically 1 .4V 


19 


bp b 


Bandpass output for 






above LSh voltage. 






biquad B. 


10 


CLK A 


Clock input for biquad A. 


20 


lp b 


Lowpass output for 


11 


CLK B 


Clock input for biquad B. 






biquad B. 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage 

|Va+I,|V d +|-|V a -|,|V d -| 13V 

V A + , V D + to LSh 13V 

Inputs |V A + , V D + 1 + 0.3Vto |V A -, V D - 1 -0.3V 

Outputs |V A + , V D + 1 +0.3V to |V A -, V D - | -0.3V 

|V A +|to|V D +| +0.3V 

Power Dissipation 750mW 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (soldering, 10 sec) 300°C 



OPERATING CONDITIONS 



Temperature Range (Note 2) 
ML2111BCP, ML2111CCP, 

ML21 1 1 BCS, ML21 1 1CCS 0°C to 70°C 

ML21 1 1 BIJ, ML21 1 1 CIJ - 40°C to +85°C 

ML21 1 1 BMJ, ML21 1 1CMJ - 55°C to + 1 25°C 

Supply Voltage Range ±2.25Vto ±6.0V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T a =7min to TmaX/ V A + = Vq+ = 
(1 .00 V RMS ), Clock Duty Cycle 45% to 55%. 



= 5V±10%,V A -=V D - = -5V±10%,C L = 25pF,V IN = 1.41V PK 





NOTES 


CONDITIONS 


ML2111B 


ML2111C 




PARAMETER 


MIN 


TYP 
NOTE 3 


MAX 


MIN 


TYP 
NOTE 3 


MAX 


UNITS 


Filter 


fo, Center Frequency 
Maximum 


5,6 


Figure 15 (Mode 1) 
Vin = 1Vpk(.707Vrms) 
Q < 50, Q Accu racy < ± 25 % 
Q<20, Q Accuracy <±15% 






100 
150 






100 
150 


kHz 
kHz 


fo, Center Frequency 
Minimum 


5,6 


Figure 15 (Mode 1) 

Q < 50, Q Accuracy < ± 30% 

Q < 20, Q Accu racy < ± 1 5% 


25 
25 






25 
25 






Hz 
Hz 


fo, Temperature 
Coefficient 




fcLK<5MHz 




-10 






-10 




ppm/°C 


Clock to Center 
Frequency Ratio 


4 
4 


Q=10 

Figure 15 (Mode 1) 
50:1,f C LK = 5MHz 
100:1, f C LK = 5MHz 


49.65 
99.60 


49.85 
100 


50.05 
100.40 


49.45 
99.20 


49.85 
100 


50.25 
100.80 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified Ta = T M j N to T MAX , Va+ = V D + = 5V ± 10%, Va~ : 
V| N = 1.41V PK (1.00 Vrms), Clock Duty Cycle 50% (Note 8). 



V D 5V ± 10%, C L = 25pF, 



PARAMETER 



NOTES 



CONDITIONS 



ML2111B 



MIN 



TYP 
NOTE 3 



MAX 



ML2111C 



MIN 



TYP 
NOTE 3 



MAX 



UNITS 



Filter (Continued) 



Clock Frequency 


5 


Q <20, Q Accuracy < ± 1 5% 


2.5k 




7.5M 


2.5k 




7.5M 


Hz 


Clock Feedth rough 


5 


f C LK^5MHz 




10 


20 




10 


20 


mV(p-p) 


Q Accuracy 


4 


fcLK = 5MHz,Q=10 


50:1 






±3 






±5 


% 






Figure 15 (Model) 


100:1 






±4 






±8 


% 


Q Temperature 


5 


fcLK<5MHz,Q = 10 




20 






20 




ppm/°C 


Coefficient 




















DC Offset 




50:1,fa.K = 5MHz 
















VoS 2, 3 


4 


Sa/b High 




7 


40 




7 


60 


mV 


VoS 2, 3 


4 


Sa/b Low 




7 


40 




7 


60 


mV 


DC Offset 




100:1, f C LK = 5MHz 
















VOS 2, 3 


4 


Sa/b High 




14 


60 




14 


100 


mV 


VoS 2, 3 


4 


Sa/b Low 




14 


60 




14 


100 


mV 


Gain Accuracy 




















DC Lowpass 


4 


R1=20k, R2 = 2k, R3 = 20k 




0.01 


2 




0.01 


2 


% 


Bandpass at f 


4 


100:1, f o -50kHz,Q- 10 




1 


4 




1 


6 


% 


DC Notch Output 


5 






0.02 


2 




0.02 


2 


% 


Noise 


7 


Figure 15 (Model) 
Q=1,R1=R2 = R3 = 2k 
Bandpass, 100kHz, 50:1 

50kHz, 100:1 
Lowpass, 100kHz, 50:1 

50kHz, 100:1 
Notch, 100kHz, 50:1 

50kHz, 100:1 
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Figure 15 (Model) 




















Q = 10,R1=R3 = 20k,R2 = 2k 




















Bandpass, 100kHz, 50:1 




262 






262 




/A/rms 






50kHz, 100:1 




333 






333 




JtVRMS 






Lowpass, 100kHz, 50:1 




268 






268 




^Vrms 






(R1=2k) 50kHz, 100:1 




342 






342 




^Vrms 






Notch, 100kHz, 50:1 




64 






64 




j*Vrms 






(R1«2k) 50kHz, 100:1 




72 






72 




AlVRMS 


Crosstalk 




fcLK = 5MHz,f = 100kHz 




-50 






-50 




dB 



Filter, V A + ~ V D + - 2.25V, V A - = V D 2.25V, V [N » 0.707 V PK (03Vrm S ) (NOTE 9) 



f , Center Frequency 
Maximum 


5 


Figure 15 (Model) 

Q < 50, Q Accu racy < ± 30% 

Q <20, Q Accuracy < ± 1 5% 






75 
100 






75 
100 


kHz 
kHz 


fo, Center Frequency 
Minimum 


5 


Figure 15 (Model) 

Q < 50, Q Accuracy < ± 30% 

Q < 20, Q Accu racy < ± 1 5% 


25 
25 






25 
25 






Hz 
Hz 


Clock to Center 
Frequency Ratio 


4 
5 


Q-10 

Figure 15 (Mode 1) 

50:1,f C LK=2.5MHz 

100:1, f C LK = 2.5MHz 


49.65 
99.60 


49.85 
100 


50.05 
100.40 


49.45 
99.20 


49.85 
100 


50.25 
100.80 




Clock Frequency 


5 


Q < 20, Q Accu racy < ± 1 5 % 


2.5k 




5M 


2.5k 




5M 


Hz 


Q Accuracy 


4 


fci_K = 2.5MHz,Q=10 
Figure 1 5 (Mode 1) 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified T A = T M | N to Tmax, Va+ = Vq+ = 5V ± 10%, Va- : 
V, N = 1.41V PK (1.00 Vrms), Clock Duty Cycle 50% (Note 8). 



V D 5V ± 10%, C L = 25pF, 



PARAMETER 



NOTES 



CONDITIONS 



ML2111B 



MIN 



TYP 
NOTE 3 



MAX 



ML2111C 



MIN 



TYP 
NOTE 3 



Operational Amplifiers and Power Supply 



Power Supply And Clock 



MAX 



UNITS 



Filter,V A +=V D + = 


2.25V, V A - = V D - = - 2.25V, V iN = 0.707 V PK (0.5 Vrms) (Continued) 










Noise 


7 


Figure 15 (Model) 
Q=1,R1=R2 = R3 = 2k 
Bandpass, 100kHz, 50:1 

50kHz, 100:1 
Lowpass, 100kHz, 50:1 

50kHz, 100:1 
Notch, 100kHz, 50:1 

50kHz, 100:1 




105 
123 
122 
152 
117 
138 






105 
123 
122 
152 
117 
138 




/A/rms 
/A/rms 
/A/rms 
/A/rms 
/A/rms 
/A/rms 




Figure 15 (Mode 1) 




















Q=10,R1=R3 = 20k,R2 = 2k 




















Bandpass, 100kHz, 50:1 




265 






265 




/A/rms 






50kHz, 100:1 




335 






335 




/A/rms 






Lowpass, 100kHz, 50:1 




270 






270 




/*Vrms 






(R1=2k) 50kHz, 100:1 




245 






245 




/A/rms 






Notch, 100kHz, 50:1 




65 






65 




/A/rms 






(R1«2k) 50kHz, 100:1 




73 






73 




/A/rms 



Vos DC Offset 


4 






2 


15 




2 


15 


mV 


DC Open Loop Gain 




R L -1k 




95 






95 




dB 


Gain Bandwidth 
Product 








2.4 






2.4 




MHz 


Slew Rate 








2.0 






2.0 




V//*s 


Output Voltage 
Swing 
(Clipping Level) 


5 


R L = 2k, |V|fromV A +orV A - 




0.5 


1.2 




0.5 


1.2 


V 


Output Short Circuit 
Current 




Source 
Sink 




50 
25 






50 
25 




mA 
mA 



Supply Current 


4 


f C LK = 5MHz 
















(Ia+) + 0d+) 








13 


1T 




13 


22 


mA 


(Ia-) + 0d-) 








12 


21 




12 


21 


mA 


Ilsh 








0.5 


1 




0.5 


1 


mA 


Vclk Input Threshold 


4 


fdK = 5MHz 


Low 
High 


3.0 




0.6 


3.0 




0.6 


V 
V 




5 


f C LK<2.5MHz 


Low 
High 


2.0 




0.8 


2.0 




0.8 


V 
V 


CLKA, CLKB Pulse 


5, 8 


CLKHighor 
CLK Low 


|Vd+|-|Vd-|>4.5V 


100 






100 






ns 


Width 


IVd+|-|Vd-|>9.0V 


66 






66 






ns 



Note 1: 
Note 2: 



Note 3: 
Note 4: 
Note 5: 
Note 6: 
Note 7: 

Note 8: 
Note 9: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

-55°C to +125°C operating temperature range devices are 100% tested at temperature extremes with worst-case test conditions. 0°C to 

70°C and -40°C to +85°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, 

sampling, or by correlation with worst-case test conditions. 

Typicals are parametric norm at 25°C. 

Parameter guaranteed and 100% production tested. 

Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Center frequency is defined as the peak of the bandpass output. 

The noise is measured with the HP8903A audio analyzer with a bandwidth of 750kHz which is 7.5 times the f Q at 50:1 and 15 times 

the f G at 100:1. 

For best performance with f CLK > 2.5MHz use a 50% duty cycle. 

For T A = -55°C to +125°C; V A + = V D + = 2.375V, V A - = V D - = -2.375V 
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FUNCTIONAL DESCRIPTION 

POWER SUPPLIES 

The analog (Va + ) and digital (Vp + ) supply voltage pins 
should be tied together and bypassed to AG ND with at 
least a 0.1/tF and a 0.01/*F disc ceramic capacitor. If high 
digital noise exists, the supply pins can be bypassed sepa- 
rately. The ML21 1 1 positive analog and positive digital 
supply pins are internally connected by the IC substrate 
and should be biased from the same DC source. The 
ML21 1 1 negative analog and negative digital supply are 
not connected internally, however they should be biased 
from the same DC source and bypassed with at least a 
0.1 /if and a 0.01/tF disc ceramic capacitor. 

The ML21 1 1 operates with a single supply from 4V to 1 2V 
and with split supplies from ± 2.0V to ±6V. 

CLOCK INPUT PINS AND LEVEL SHIFT 

With dual supplies equal to or higher than ±4.0V, the 
level shift (LSh) pin 9 can be connected to the same 
potential as the AGNDorVA- pin. With single supply 
operation, the negative supply pins and the LSh pin should 
be tied to the system ground. The AGND, pin 1 5, should 
be biased at 1/2 supplies. Under these conditions, the 
clock levels are TTL or CMOS. The input clock pins 
(10, 11) share the same level shift pin. 

50/100/HOLD(Pin12) 

By tyi ng pi n 1 2 to (Va + , Vrj + ) the f i Iter operates i n the 
50:1 mode. By tying pin 12 to 1/2 of the voltage supplies 
(AGND potential), the ML21 1 1 operates in the 100:1 
mode. The range of pin 12 without affecting the 100:1 
filter operation with total supply voltage of + 5V is 
2.5±0.5V; + 10V is 5V±0.5V. When pin 12 is tied to the 
negative supply pin, the filter operation is stopped and the 
bandpass and lowpass outputs act as an S/H circuit hold- 
ing the last sample. 

S1a> S1 B , (Pins 5 and 16) 

These are the auxiliary voltage signal input pins always con- 
nected to one of the negative inputs of the voltage summer 
(the other negative input switches between LPo and AGND 
according to control pin Sa/b (pin 6). The positive input of 
the voltage summer is always connected to N/AP/HP pin of 
the corresponding section. They should be driven with a 
source impedance below 5k for fcu<<2.5MHz and 1 k to 2k 
forfcLK>2.5MHz. TheSlA/ SI b pins can be used to alter 
the clock to center frequency ratio (fcLK/W of the filter (see 
modes 1 b, 1 c, 2a, 2b) or to feedforward the input signal for 
allpass filter configurations (see modes 4 and 5). They can 



also be used, as in mode 1d to avoid the finite phase shift 
through the input amplifier, hence allowing higher operat- 
ing frequencies. When these pins are not used, they should 
be tied to the AGND pin. 

S A/B (Pin 6) 

When Sa/b is high, the S2 negative input of the voltage 
summer is tied to the lowpass output. When the Sa/b P'n is 
connected to the negative supply, the S2 input switches to 
ground. 

AGND (Pin 15) 

AGND is connected to the system ground for dual supply 
operation. When operating with a single positive supply, 
the analog ground pin should be tied to 1/2 of the supply 
and bypassed with a 0. 1 fiF and a 0.01 fiF disc ceramic 
capacitor. The positive inputs of the internal op amps and 
the reference point of the internal switches are connected 
to the AGND pin. 

fcLK/fo RATIO 

The ML21 11 is a sampled data filter and approximates 
continuous time filters. The filter deviates from its ideal 
continuous filter model when the (fcLK/U rat '° decreases 
and when the Qs are low. 

f G x Q PRODUCT RATIO 

Thef xQ product oftheML21 11 depends on the clock 
frequency and the mode of operation. For clock frequen- 
cies below 5MHz, in mode 1 and its derivatives, the 
f xQ product is mainly limited by the desired f and Q 
accuracy. For the same clock frequency and for the same 
Q value the f xQ product can be further increased if the 
clock to center frequency ratio is lowered below 50:1 . 

Mode 3, Figure 23, and the modes of operation where R4 
is finite, are "slower" than the basic mode 1. The resistor 
R4 places the input op amp inside the resonant loop. The 
finite GBW of this op amp creates an additional phase shift 
and enhances the Q value at high clock frequencies. 

OUTPUT NOISE 

The wideband RMS noise of the ML21 1 1 outputs is nearly 
independent from the clock frequency provided that the 
clock itself does not become part of the noise. The noise 
at the BP and LP outputs increases for high Qs. 
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TYPICAL PERFORMANCE CURVES 
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Figure 1 A. fcLK^o vs. f C LK (50:1, V s = + 5V) 
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Figure 1 B. fcn^o vs. f CL K (100:1, V s - ± 5V) 
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Figure 1C. fcLK^o vs. f CL K (50:1, V s = ± 2.5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 1 D. f CLK /f vs. f CL K (100:1, V s = ± 2.5V) 
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Figure 2A. fcLK^o Deviation vs. Temperature (50:1, 

V S =±5V) 



Figure 2B. fcLK^o Deviation vs. Temperature (100:1, 

V S =±5V) 
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Figure 2C. fcLK^o Deviation vs. Temperature (50:1, 
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Figure 2E. Q Error vs. f C LK (50:1, V s = ±5V) 
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Figure 2F. Q Error vs. f C LK (100:1, V s = + 5V) 
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TYPICAL PERFORMANCE CURVES (Continued) 
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Figure 2H. Q Error vs. f C LK (100:1, V s = ± 2.5V) 



fCLK (MHz) 



0.4 
0.2 



£ -0.2 



a 
a -o.6 



Q= 


10 


















MODE1 

V| N = .707Vrms 
















fCLK 


= 5MH 
100kH2 


z 












































































/ 




















I 




















I 





















-60 -40 -20 20 40 60 80 100 120 

TEMPERATURE (°C) 

Figure 3A. Q Deviation vs. Temperature (50:1, Vs = ± 5V) 
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Figure 3B. Q Deviation vs. Temperature (100:1, 

V S =±5V) 
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Figure 4A. fcLK^o Deviation vs. Q (V s = ± 5V) 



Figure 4B. fcLK^NOTCH Deviation vs. Q (V$ = ± 5V) 
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Figure 7B. Noise Spectrum Density (Q = 10) 
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FILTER FUNCTION DEFINITIONS 

Each filter of the ML21 1 1 with an external clock and resis- 
tors approximates 2nd order filter functions. These are 
tabulated below in the frequency domain. 

1 . Bandpass function: available at the bandpass output 
pins (2, 19), Figure 12. 

sco /Q 



G(s) = H bp 



s 2 + (sco /Q) + o) 2 



HoBP = Gain ato) = w 

$o = u l2Tr, f is the center frequency of the com- 
plex pole pair. f is measured as the peak fre- 
quency of the bandpass output. 

Q = Quality factor of the complex pole pair. It is the 
ratio of f to the -3dB bandwidth of the 2nd 
order bandpass function. The Q is always 
measured at the filter BP output. 

2. Lowpass function: available at the LP output pins 
(1,20), Figure 13. 

G(s) = Help- 



s' s(co /Q) + c4 

Hqlp= DC gain of the LP output. 

3. Highpass function: available only in mode 3 at the out- 
put pins (3, 18), Figure 14. 



G(s) = Hqhp 



s 2 + s(w /Q) + coo 



HoHP^gainofthe HP output for f^ 



fcL 



4. Notch function: available at pins 3 (1 8) for several 
modes of operation. 

(s 2 + a> 2 n ) 



G(S) = (H N2) 



s 2 + s(o /Q) + Wo 



HoN2 = 8 a ' n of the notch output for f— 



fcl-K 



HoNi=8ai n of the notch output for f—0 

f n = o) n /27r; f n is the frequency of the notch 
occurrence. 

5. Allpass function: available at pins 3(1 8) for mode 4, 4a. 

[s 2 -s(co /Q) + a; 2 ] 



G(s) = Hoap' 



s 2 + s(o> /Q) + <4 



HoAP=g a ' n of the allpass output for 0<f< 



CLK 



For allpass functions, the center frequency and the Q of 
the numerator complex zero pair is the same as the 
denominator. Under these conditions, the magnitude re- 
sponse is a straight line. In mode 5, the center frequency 
fz, of the numerator complex zero pair, is different than f . 
For high numerator Q's, the magnitude response will have 
a notch at f^. 
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Z 0.707 HoBP 



BANDPASS OUTPUT 




f(LOG SCALE) 



Q=f^o = VfLfH 



Figure 12 
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Table 1 . 1 st Order Functions 



MODE 


PIN 2 (19) 


PIN 3 (18) 


fc 


h 


6a 


LP 


HP 


fcLK v R2 

100(50) R3 




6b 


LP 


LP 


klK „ R2 
100(50) R3 




7 


LP 


AP 


*CLK R2 
100(50) R3 


fcLK R2 

100(50) R3 



Table 2. 2nd Order Functions 



MODE 


PIN 1 (20) 


PIN 2 (19) 


PIN 3 (18) 


fo 


fN 


1 


LP 


BP 


Notch 


fdK 

100(50) 


fo 


1a 


LP 
LP 


BP 
BP 


BP 
Notch 


fdK 

100(50) 




1b 


f CLK „ / R6 


f CLK / R6 




100(50) ~ V ' R5 + R6 


100(50) " V ' R5 + R6 


1c 


LP 


BP 


Notch 


'CLK / R6 


'CLK / R6 




100(50) "V R5 + R6 


100(50) "V R5 + R6 


Id 


LP 


BP 




^CLK 
100(50) 




2 


LP 
LP 
LP 


BP 
BP 
BP 


Notch 
Notch 
Notch 


tCLK / R2 
100(50) X V + R4 

fcLK „ / R2 R6 


fCLK 

100(50) 


2a 


f CLK . / R6 




100(50) " V" r R4" R5 + R6 
fcLK /R2 R6 


100(50) " V" R5 + R6 


2b 


tCLK / R6 




100(50) "VR4 R5 + R6 


100(50) "V R5 + R6 


3 


LP 


BP 


HP 


f CLK w /R2 
100(50) X VR4 




3a 


LP 


BP 


Notch 


kiK w /R2 
100(50) V R4 


100(50) V R| 


4 


LP 


BP 


AP 


^CLK 

100(50) 




4a 


LP 
LP 


BP 
BP 


AP 
C.Z 


fcLK „ /R2 
100(50) X VR4 




5 


r CLK „ / R2 
100(50) V R4 


tCLK / R1 
100(50) V R4 
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There are basically three modes of operation: mode 1, mode 

2, mode 3. In the mode 1, Figure 15, the input amplifier is 
outside the resonant loop. Because of this, mode 1 and its 
derivatives (mode 1a, 1b, 1c, 1d) are faster than modes 2 and 

3. The table below gives an approximation of the frequency 
range for each mode. 



Model* 


High Frequency Mode 


1, 1a, 1d 
1b, 1c 


f up to 150 kHz; Q up to 20** 
f up to 100 kHz; Q up to 30 


Mode 2 


Flexible for Notches 


2, 2a, 2b 


f up to 30 kHz; Q up to 30 


Mode 3 


Most Flexible/ Low Component Count 


3,3a 


f up to 30 kHz; Q up to 30 



* Q and f have an inverse relationship. This table is only an 

approximation. Actual performance depends on board layout and stray 
capacitance. 

** 15% of less Q deviation Higher Q's can be realized with greater 
deviation 

Mode 1a, Figure 16, represents the most simple hook-up 
oftheML2111. Mode 1a is useful when voltage gain at the 
bandpass output is required. The bandpass voltage gain, 
however, is equal to the value of Q, and a second order, 
clock tunable, BP resonator can be achieved with only 2 
resistors. The filter center frequency directly depends on 
the external clock frequency. For high order filters, 
mode 1 a is not practical as it requires several clock fre- 
quencies to tune the overall filter response. 



Mode 1 a is a good choice when Butterworth filters are de- 
sired since they have poles in a circle with the same f . 
Figure 31 shows an example of a 4th order 1 00kHz low- 
pass Butterworth filter clocked at 5MHz. 

A monotonic passband response with a smooth transition 
band results, showing the circuit's low sensitivity, even 
though 1 % resistors are used which result in an approxi- 
mate value of Q. 

Mode 1 , Figure 1 5, provides a clock tunable notch. 
Mode 1 is a practical configuration for second order clock 
tunable bandpass/notch filters. In mode 1, a bandpass out- 
put with a very high Q, together with unity gain, can be 
obtained with the dynamics of the remaining notch and 
lowpass outputs. Figure 32 is an example of a 4th order 
bandpass filter implemented by cascading 2 sections each 
with a Q of 1 0. This figure shows the amplitude response 
whenfci_K = 7.5MHz resulting in a center frequency of 
1 50kHz and a Q of 15.5. 

Modes 1 b and 1 c, Figures 1 7, 1 8 are similar. They both 
produce a notch with a frequency which is always equal to 
the filter center frequency. The notch and the center fre- 
quency can be adjusted with an external resistor ratio. 

The clock to center frequency ratio range is: 



500 f CL K 100 50 

>-^^> or — ; mode 1c 

1 f 1 1 



100 50 f CL K 100 50 

or — ^-^^^ — 7=-or — t=-; mode 1b 

1 1 f n ^ ^ 



-vT or "VT 



1/2ML2111 



R3 
-AAAr- 

R2 



AAA, O" 6* 1 * 6" O 



SU " 



t sH>%- 




1(20) 



fCLK 
100(50) 



;f n = f ;H0LP = 



R1 



: HqbP = 



R1 



;H Ni = -§f;Q 



. R3 
R2 



NOTE: ELECTRICAL TESTING IS PERFORMED 
WITH FOLLOWING RESISTOR VALUES: 
Q = 1WITHR1 = R2 = R3 = 2k 
Q = 10 WITH R1 - R3 = 20k, R2 = 2k 

Figure 15. Mode 1 : 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 



The input impedance of the S1 pin is clock depend- 
ent, and in general R5 should not be larger than 5k for 
f CLK < 2.5MHz and 1 k to 2k for f CL K> 2.5MHz. Mode 1 b 
can be used to increase the clock to center frequency ratio 
beyond 100:1 . For this mode, the limit for the (fcu</fo) ra tio 
is 500:1 . Beyond this, the filter will exhibit large output off- 
sets. Mode 1 d, Figure 1 9, is the fastest mode of operation: 
In the 50:1 mode center frequencies beyond 150kHz can 
easily be achieved. Figure 33 is an example using mode 1d 
of a 4th order filter where each section has a Q of 1 in- 
dependent of resistor ratios. In this mode the input ampli- 
fier is outside the damping (Q) loop. Therefore, its finite 
bandwidth does not degrade the response at high fre- 
quency. This allows the amplifier to be used as an anti- 
aliasing and continuous smoothing filter by placing a 
capacitor across R2. 

Modes 2, 2a, and 2b have a notch output which fre- 
quency, f n , can be tuned independently from the center 
frequency, f . For all cases, however, f n <f . These modes 
are useful when cascading second order functions to cre- 
ate an overall elliptic highpass, bandpass or notch re- 
sponse. The input amplifier and its feedback resistors (R2/ 
R4) are now part of the resonant loop. Because of this, 
mode 2 and its derivatives are slower than mode 1 's. 
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1/2ML2111 



1(20) 




, °--iow ;Q= i iHoB "-- 



t _ fcLK /T~ R6 , _ f , n _ R3 A R6 ~ . 

fo ~ 100(50) V + "R5TR6 ' f " " fo ' Q " R2 V "R5TR6 ' 



HoBP2 = KNONINVERTING);HoLP= -1 



HoNl(f-0) = H O N2 f 



fCLK\ 



; Hqlp = 



!S? 1 ,w-v;R5<5kQ 



1 + R6/(R5 + R6) 



Figure 16. Mode 1a: 2nd Order Filter Providing 
Bandpass, Lowpass 



Figure 17. Mode 1b: 2nd Order Filter Providing Notch, 
Bandpass, Lowpass 



1/2ML2111 




f _ fCLK r~R6 , _, . n _ R3 r~R6~ 
to ~ 100(50) V R5 + R6' tn ~ to ' ^ " R2V R5 + R 



Hon,<M»-hon2 (f- *f ) ■ -{$ HQLP= -^g?^ ; HOBP= -ff; R5<5kO 
Figure 18. Mode 1c: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
1/2ML2111 




f fCLK . r» t _,_ R3a. ., R2 un 

fo= TboW Q = 1+ R3i' HoBP= -ri xQ 



Figure 19. Mode 1d: 2nd Order Filter Providing Bandpass and Lowpass for Qs Greater or Equal to 1 
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OPERATION MODES (Continued) 



1/2ML2111 




4 - f CLK , L , R2. f _ _JCLK_. n- R3^ L . R2. .. „ 
to - inn/em V 1 + 51' tn " infi/cm ' *< " iW 1 + 51' H ° LP " 



100(50) V R4' " 100(50) ,vt R2V R4' ULr ~ 1 + (R2/R4) 
H BP= -R3/R1; H O Ni(f-0)= ^ ~ ^g ; H ON 2 (f- ^) = -R2/R1 



Figure 20. Mode 2: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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LP 

1(20) 



f fCLK L , R2 R6 . f fcLK /. R6 . Q R3 /. R2 , R6 

100(50) V R4 R5 + R6' n ~ 100(50) V R5 + R6' V ~R2V R4 R5 + I 

H °N1^--S| 1 ,q^ ( Sig^ 1 l ;HON 2 (f-*«) --R2/R1 
Hobp= -R3/R1; Hqlp= , + (R2/R4 7 + R ^ (R5 + R6)] 

Figure 21 . Mode 2a: 2nd Order Filter Providing Notch, Bandpass, Lowpass 

1/2ML2111 




f = f CLK /R2 , R6 ~ . f fCLK / R6 . _R3./R2, R6~ 

° 100(50) V R4 R5 + R6 ' " 100(50) V R5 + R6 ' v " R2 V R4 R5 + R 

H O Nl(f-0).-^j (R2;R ^J ( ^ R6)] | ; Hon 2 (f-taK) ~«*1 
H Bl-= - R3/R1; Hoip= 7r27r4J7^Ss^R6)T 



Figure 22. Mode 2b: 2nd Order Filter Providing Notch, Bandpass, Lowpass 
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OPERATION MODES (Continued) 

In mode 3, Figure 23, a single resistor ratio (R2/R4) can tune 
the center frequency below or above the fcLK/100 (° r fcLK/ 
50) ratio. Mode 3 is a state variable configuration since it 
provides a high pass, bandpass, lowpass output through pro- 
gressive integration; notches are obtained by summing the 
highpass and lowpass outputs (modes 3a, Figure 24). The 



notch frequency can be tuned below or above the center 
frequency through the resistor ratio (Rh/R|). Because of this, 
modes 3 and 3a are the most versatile and useful modes for 
cascading second order sections to obtain high order elliptic 
filters with frequencies up to 30 kHz. 
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fo= wkvi ;Q= iVR4' HoHP= - R2/R1?HoLP= - R4/R1 ' H o«"= - S 



R3 
R1 



Figure 23. Mode 3: 2nd Order Filter Providing Highpass, Bandpass, Lowpass 
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S1 A "=■ 
5(16) 



K£H>i>' 



LP 

1(20) 




'- -io&i '- lowVl ' HoHP= " R2/R,; " m " - R3 ""' Holp= - R4/R1 
Figure 24. Mode 3a: 2nd Order Filter Providing Highpass, Bandpass, Lowpass, Notch 
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OPERATION MODES (Continued) 
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BP LP 

2(19) T1(20) 




'»= iHfe- ;Q= § ; "°*" - tv H ° l >= - 2;Ho »'= - 2 (i) 



ML2111 



Figure 25. Mode 4: 2nd Order Filter Providing Allpass, Bandpass, Lowpass 
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SlA - 

5(16) 



<#{>{>' 



BP 

2(19) 



LP 

1(20) 




( fdK /R2. r» R3 /R2. u^.„ R5. u ^ R2. w ^„„_ R3. n^,„_ R4 

fo= 1oO(50TVR4 ; Q= R2VR4' HOAP= 2R' H ° HP= " R1 ? H ° BP= " Rl' H ° LP= " R1 



Figure 26. Mode 4a: 2nd Order Filter Providing High pass, Bandpass, Lowpass, Allpass 
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OPERATION MODES (Continued) 
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fdK , L . R2. f fcLK 



R4' ^ R2 V R4 



^^fl^W-^S^C-T) 



fCLK^ _ R2. 
R1' 



R3 
AAAr- 

R2 



AAA 9,,; m 9 = £, 9,,^ 9 



SU 




K^T^ 



fc= 100(50) R3 ; H ° LP= " R3/R1? HOHP = " R2/R1 



HoBP= m h + m. H OL p= i + <ra*n 

»OBP R2 \l + R1 J , "OLP t + (R2/R4) 



Figure 27. Mode 5: 2nd Order Filter Providing 
Numerator Complex Zeros, Bandpass, Lowpass 



Figure 28. Mode 6a: 1st Order Filter Providing High pass, 
Lowpass 
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2(19) T1(20) 




f P-T«f^=lffi3-' GA,NATOlJTPUT = 1fo ' , » s,s! f t 



Figure 29. Mode 6b: 1st Order Filter Providing Lowpass 



Figure 30. Mode 7: 1st Order Filter Providing Allpass, 
Lowpass 
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OPERATION MODES (Continued) 



ML2111 



VOUT 




1% RESISTOR VALUES 

(ACTUAL VALUES USED) 

R21=3746Q R22 = 1996G 

R31=2003Q R32 = 26040 




-10 
-20 

g-30 

z 
>-40 

O-50 

-60 

-70 

-80 















































^--__J01 777Hz 
^S. - 3.058dB 
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Figure 31. 4th Order, 100kHz Lowpass Butterworth Filter Obtained by Cascading 2 Sections in Mode 1a 



V|N R11 
2.82Vp-p — VW-^ 
(IVrms) 




VOUT 



RESISTOR VALUES 
R11=20kQ R12 = 20kQ 
R21=2kfi R22 = 2k0 

R31=20kfi R33 = 20kfi 



Q1=Q2 = 10 





















— 149 871Hz 
- 0.031 dB 
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Figure 32. Cascading Two Sections in Mode 1 , Each With Q = 10 Results in a Bandpass Filter with Q = 1 5.5 and 
f - 150kHz (fcLK - 7.5MHz) 
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OPERATION MODES (Continued) 



VlN 
1Vp-p- 



R11 
-AAAr 



R21 
-AAAr- 



CLOCK 
7.51MHz 



n 



lp a 
bpa 

n a 

INVa 
S1A 

Sa/b 

Va + 
V D + 
LSh 
CLK A 



LPb 

bp b 

Nb 

inv b 

SIb 
AGND 

V A 

Vd 
50/100 

CLK B 



17 



-VOUT 



-VW- f-WAr- 1 



16 
15 

IT 



RESISTOR VALUES 
= R21 = R12 = R22 = 2.0kfl 






























































1 


66 224Hz 
-3.121dB 
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Figure 33. Cascading Two Sections in Mode 1d, Each With Q = 
Order Lowpass Filter 



1 (Independent of Resistor Ratios) Creates a Sharper 4th 



V|N 



R31 
■AAAr- 



i-AAAr- 



R32 r 
LwV-f 



CLOCK 
6.5 MHz " 



LPa 
BPa 

Na 

INVa 

S1A 

Sa/b 

v a + 

Vd + 

LSh 

CLKa 



Nb 

INVb 

SIb 

AGND 

v A - 
v d 

50/100 
CLKb 



-VqUT 



R21 
-AAAr- 



ID 

:3- 



1% RESISTOR VALUES 
R21 = R22 = R23 = R24 = 2k 
R32 = 4.9k 
R34 = 100fi 
R31=80k 




f C LK = 6.5MHz 



Figure 34. Notch Filter with Q = 50 and f Q = 130kHz. This Circuit Uses Side A's Biquad in Mode 1d and the Side B Op 
Amp to Create a Notch Whose Depth is Controlled by R31 . The Notch is Created by Subtracting the Bandpass from Vim- 
The Bandpass of Side A is Subtracted Using the Op Amp of Side B. 
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OFFSETS 

Switched capacitor integrators generally exhibit higher in- 
put offsets than discrete R, C integrators. 

These offsets are mainly the charge injection of the CMOS 
switches into the integrating capacitors. The internal op 
amp offsets also add to the overall budget. 

Figure 35 shows half of the ML21 1 1 filter with its equiva- 
lent input offsets Vqsi / Vqs2/ Vqs3- 

The DC offset at the filter bandpass output is always equal 
to Vos3- The DC offsets at the remaining two outputs 



VOS1 



(Notch and LP) depend on the mode of operation and ex- 
ternal resistor ratios. Table 3 illustrates this. 

It is important to know the value of the DC output offsets, 
especially when the filter handles input signals with large 
dynamic range. As a rule of thumb, the output DC offsets 
increase when: 

1. The Q's decrease 

2. The ratio (fcLK/U increases beyond 100:1 . This is done 
by decreasing either the (R2/R4) or the R6/(R5 + R6) 
resistor ratios. 



d7) \y 




Figure 35. Equivalent Input Offsets of 1/2 ML21 11 Filter 
Table 3 



MODE 


V OSN 

PIN 3 (18) 


V OSBP 

PIN 2 (19) 


V OSLP 

PIN 1 (20) 


1,4 


Vosi[0/Q) + i + IIHolp«]~Vos3/Q 


v os 3 


V OSN _V OS2 


1a 


Vosin+(l/Q)]-Vos 3 /Q 


V OS3 


V OSN- V OS2 


1b 


Vosi[0/Q) + 1+R2/Ri]-Vos 3 /Q 


V OS 3 


-(Vosn-Vos2)(1+R5/R6) 


1c 


Vosi[0/Q) + 1+R2/Ri]-V s 3 /Q 


v os 3 


ObN ^ 2/ (R5 + 2 R6) 


1d 


V OS i[1+R2/R1] 


v os 3 


V OSN - V OS2 ~ V OS 3 /Q 


2,5 


[V OS i d + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] x 
[R4/(R2 + R4)] + V OS2 [R2/(R2 + R4)] 


v OS3 


V OSN _V OS2 


2a 


[V OS i d + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] x 

f R40+k) , ] + Vos 2 f R2 , |;k- R6 
lR2 + R4(1+k)J WDZ lR2 + R4(1+k)j R5 + R6 


V OS3 


~(V SN-V0S2) (R5 + R6) 
OSN OS2^ (R5 + 2 R6) 


2b 


[V OS i d + R2/R1 + R2/R3 + R2/R4) - V OS3 (R2/R3)] x 
[ R4k 1 +Y f R2 1 .,, R6 


v OS3 


~(Vosn-Vos 2 )(1+R5/R6) 




lR2 + R4kJ * wz I R2 + R4k J'* R5 + R6 




3,4a 


V OS2 


v OS3 


L R4 R4 R4] w /R4\ 

VnS1 M+ + + - V OS2l 

° bl I R1 R2 R3] 0b2 \R2/ 

-»-(E) 



ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2111BCP 


0°C to +70°C 


MOLDED DIP (P20) 


ML2111CCP 


0°C to +70°C 


MOLDED DIP (P20) 


ML2111BCS 


0°C to +70°C 


MOLDED SOIC (S20W) 


ML2111CCS 


0°C to +70°C 


MOLDED SOIC (S20W) 


ML2111BIJ 


-40°C to +85°C 


HERMETIC DIP (J20) 


ML2111CIJ 


-40°C to +85°C 


HERMETIC DIP (J20) 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML2111BMJ 


-55°C to +125°C 


HERMETIC DIP (J20) 


ML2111CMJ 


~55°C to +125°C 


HERMETIC DIP (J20) 


ML2111BIP 


~40°C to +85°C 


MOLDED DIP (P20) 


ML2111CIP 


-40°C to +85°C 


MOLDED DIP (P20) 


ML2111BIS 


-40°C to +85°C 


MOLDED SOIC (S20W) 


ML2111CIS 


-40°C to +85°C 


MOLDED SOIC (S20W) 
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Networking Products 



Section 4 



Selection Guide 4-1 

Ethernet 

ML2652 1 0BASE-T Physical Interface Chip 4-3 

ML2653 10BASE-T Physical Interface Chip 4-3 

ML2653EVAL 10BASE-T Transceiver Evaluation Kit 4-23 

ML4642 AUI Multiplexer 4-44 

ML4644 4-Port AUI Multiplexer 4-58 

ML4652 10BASE-T Transceiver 4-69 

ML4654 10BASE-T Transceiver for Multi-Port Repeaters 4-85 

ML4658 10BASE-T Transceiver with Autopolarity 4-69 

ML4661 FOIRL Transceiver 4-86 

ML4662 10BASE-FL Transceiver 4-87 

ML4662EVAL 10BASE-FL Evaluation Kit 4-99 

ML4663 Single Chip 10BASE-FL Transceiver 4-100 

ML4663EVAL 10BASE-FL Evaluation Kit 4-113 

High-Speed Networking 

ML6671 FDDI TP-PMD Transceiver 4-125 

ML6671-22EVAL TP-PMD Transceiver Evaluation Kit 4-132 

ML6672 ATM UTP Transceiver 4-1 33 

ML6672-9EVAL 1 55 Mbps ATM Transceiver Evaluation Kit 4-1 40 

ML6673 FDDI TP-PMD Transceiver 4-141 
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Fiber Optic Components 
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ML4624 Fiber Optic Data Quantizer 4-30 

ML4632 Fiber Optic LED Driver 4-38 
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Networking Products 



Selection Guide 


ETHERNET 


Part Number 


Description 


LED Outputs 




Autopolarity 


Package Types 


ML2652 


10BASE-T Physical Layer 
with AUI Port 


6 




Yes 


44 Pin PLCC 


ML2653 


10BASE-T Physical Layer 


2 




Yes 


28 Pin PLCC 


ML2653EVAL 


Evaluation Kit for ML2653 










ML4642 


AUI Multiplexer (2-port) 


6 




N/A 


28 Pin SSOP 


ML4644 


AUI Multiplexer (4-port) 


10 




N/A 


68 Pin PLCC 


ML4652 


10BASE-TMAU 


6 




No 


24 Pin Skinny DIP 
28 Pin PLCC 


ML4658 


10BASE-TMAU 


6 




Yes 


24 Pin Skinny DIP 
28 Pin PLCC 


ML4662 


1 0BASE-FL MAU 
(without Quantizer) 


5 




N/A 


28 Pin PLCC 


ML4662EVAL 


Evaluation Kit for ML4662 










ML4663 


10BASE-FLMAU 
(includes Quantizer) 


5 




N/A 


28 Pin PLCC 


ML4663EVAL 


Evaluation Kit for ML4663 












High-Speed Networking 


Part Number 


Applications 


Data Rate 


Media 
Interface 


Adaptive 
Equilization 


Base Line Package 
Wander Types 


ML6671 


FDDI over Copper (TP-PMD) 
Fast Ethernet (100BASE-TX) 


125MHz 


MLT-3 


Yes 


No 32 Pin PLCC 
32 Pin TQFP 


ML6671-22EVAL 


Evaluation Kit for ML6671 










ML6672 


ATM over Copper 


155Mbps 


NRZ 


Yes 


No 32 Pin PLCC 
32 Pin TQFP 


ML6672-9EVAL 


Evaluation Kit for ML6672 










ML6673 


FDDI over Copper (TP-PMD) 
Fast Ethernet (100BASE-TX) 


125MHz 


MLT-3 


Yes 


Yes 32 Pin PLCC 
32 Pin TQFP 


Token Ring Physical Interface 


Part Number 


Application 


Data Rates 




Cable Type 


Package Type 


ML6682 


Station 
Concentrator 


4 Mbps 
16 Mbps 




UTP 
STP 


44 Pin TQFP 
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Fiber Optic Components 


Part Number 


Decription 


Bandwidth 


I/O Types 


Package Types 


ML4621 


Quantizer 


50 MHz 


TTL, ECL 


24 Pin Skinny DIP 
28 Pin PLCC 


ML4622 


Quantizer 


40 MHz 


TTL, ECL 


16 Pin Skinny DIP 
16 Pin Narrow SOIC 


ML4624 


Quantizer 


40 MHz 


TTL, ECL 


24 Pin Skinny DIP 
28 Pin PLCC 


ML4632 


LED Driver 


20 MHz 


TTL, ECL 


14 Pin DIP 
16 Pin SOIC 


ML6622 


Quantizer 


150 MHz 


ECL 


16 Pin DIP 

1 6 Pin Narrow SOIC 


ML6633 


LED Driver 


200 MHz 


ECL 


8 Pin DIP 
8 Pin SOIC 


ML6633/22EVAL 


Evalutation Kit for 
ML6633 and ML6622 








Networking Interface Products 


Part Number 


Decription 


Protocols 


Data Rate 


Package Types 


ML4670 


Multiple Protocol Physical 
Interface 


RS-449, RS-232 
V.35, X.21 


10Mbps 


84 Pin PLCC 
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December 1 994 
PRELIMINARY 



ML2652/ML2653 



10Base-T Physical Interface Chip 



GENERAL DESCRIPTION 



FEATURES 



The ML2652, 10BASE-T Physical Interface Chip, is a 
complete physical interface for twisted pair and AUI 
Ethernet applications. It combines a 10BASE-T MAU, 
Manchester Encoder/Decoder, and Twisted Pair Interface 
filters in one monolithic IC. A complete DTE interface for 
twisted pair Ethernet can be implemented by combining 
the ML2652, an Ethernet controller, and transformers. 

The ML2652 can automatically select between an AUI 
and twisted pair interface based on Link Pulses. Six LED 
outputs provide complete status at the physical link. Link 
and Test can be enabled or disabled through the LED 
outputs. 

The unique transmitter design uses a waveform generator 
and low pass filter to meet the 10BASE-T transmitter 
requirements without the need for an external filter. The 
differential current driven output reduces common mode 
which in turn results in very low EMI and RFI noise. 

The ML2652 and ML2653 (28 pin version) is implemented 
in a low power double polysilicon CMOS technology. The 
ML2653 does not include the AUI interface. 



Complete physical interface solution 

Conforms to IEEE 802.3i-1990 (10Base-T) 

On-chip transmit and receive filters 

Automatic AUI/Twisted Pair selection (ML2652 only) 

Power down mode 

Pins selectable controller interface-(CSO - CS2) 
Intel 82586, 82596 
NSC DP8390 
Seeq 8003, 8005 
AMD 7990 

Automatic polarity correction 

Pin selectable receive squelch levels 

Status pins for: link detect, receive & 

transmit activity, collision, jabber, AUI selection 

Single supply 5V±5% 

ML2653 — 28 pin PLCC package 

ML2652 — 44 pin PLCC package (see page 2) 



ML2652 BLOCK DIAGRAM 



rill 



TxC -*- 
TxE — 
TxD — 



COL - 
LPBK 



RxC •<- 
RxE-«- 

RxD •<- 



Vcc V C C GNDGND 



JABDIS 



CONTROLLER 
INTERFACE 



++-+4-- a 



MANCHESTER 
ENCODER 



JABBER 
DETECT 



LINK 
PULSE 



MANCHESTER 
DECODER 



XMT 
WAVEFORM 
GEN & LPF 



COLLISION 
DETECT 



CURRENT 

DRIVEN XMT 

OUTPUT 

DRIVER 



RECEIVE 
LPF 



Tx+ 
Tx- 



Rx+ 
Rx- 



DO+ 

DO- 

CI+ 

Cl- 

DI+ 

Dl- 



AUISEL CLS LTP 

RPOL XMT RCV JAB 



AUI/TP 
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PIN CONNECTIONS 



ML2652 
44-Pin PLCC (Q44) 



£ * 



Tx- |T| 

NC |T 
CLK [T 
LPBK \T 
Rx+ [T 
Rx- [To 
nc [TT 



RRRmNRH 



ML2653 



|12||13||14||15||16||17||18| 



U U Q 

^ ^ s 



25] RSL 
24] XMT/RCV 
23] RxD 
22] RxC 
2lf] RxE 
20] CS2 
H] CS1 



ML2653 
28-Pin PLCC (Q28) 




JHNI?lJfe«llH!lfeill»||26J|2Zl|28J 

6 SS s IB ^ IS |g 

5 5 lot 
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ML2653 BLOCK DIAGRAM 



CS1 FD 

CSO CS2 



rxn 



TxC ><- 
TxE — 
TxD — 



COL -<- 
LPBK — 



CONTROLLER 
INTERFACE 



Vcc Vcc GNDGND 



MANCHESTER 
ENCODER 



LEDS 
RPOL XMT/RCV LTP 



JABBER 
DETECT 



LINK 
PULSE 









I 


COLLISION 


COLLISION 
DETECT 


















DATA 


MANCHESTER 
DECODER 
















ENABLE 









XMT 
WAVEFORM^ 
GEN & LPF 



CURRENT 

DRIVEN XMT 

OUTPUT 

DRIVER 



RECEIVE 
LPF 



Tx+ 
Tx- 



Rx+ 
Rx- 



PIN DESCRIPTION 



NAME FUNCTION 



VCC 

GND 

CLK 

Tx+ 

Tx- 

Rx+ 

Rx- 

DO+ 
DO- 
DI+ 



Positive supply. +5V 

Ground. volts. All inputs and outputs referenced 
to this point. 

Clock input. There must be either a 20 MHz 
crystal or a 20 MHz clock between this pin 
and GND. 

Transmit positive twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 

Transmit negative twisted pair output. This output 
is a current source that drives the twisted pair 
cable through a pulse transformer. 

Receive positive twisted pair input. This input 
receives data from the twisted pair cable through 
a pulse transformer. 

Receive negative twisted pair input. This input 
receives data from the twisted pair cable through 
a pulse transformer. 

AUI positive transmit output. AUI transmit data 
output to optional external transceiver. 

AUI negative transmit output. AUI transmit data 
output to optional external transceiver. 

AUI positive receive data input from optional 
external transceiver. 



NAME FUNCTION 



Dl- AUI negative receive data input from optional 
external transceiver. 

CI+ AUI positive collision input from optional 
external transceiver. 

CI- AUI negative collision input from optional 
external transceiver. 

RTX Transmit current set. An external resistor between 
this pin and GND programs the absolute value of 
output current on Tx±. 

TxC Transmit clock output. Digital output which 
clocks the transmit data (TxD) into the device 
from the controller. 

TxD Transmit data input. Digital input which contains 
transmit data from the controller. 

TxE Transmit enable input. Digital input from the 

controller that indicates when the transmit data 
(TxD) is valid. 

COL Collision output Digital output to the controller 
which indicates when a collision condition is 
present. 

RxC Receive clock output. Digital output which clocks 
receive data (RxD) from the device into the 
controller. 
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PIN DESCRIPTION (Continued) 



NAME FUNCTION 



NAME FUNCTION 



RxD Receive data output. Digital output which 
contains receive data sent to the controller. 

RxE Receive data valid. Digital output to the controller 
that indicates when the receive data (RxD) is 
valid. 

LPBK Local loopback. Digital input from the controller 
which forces the device to loopback transmit data 
without sending it on the media. 

FD Full Duplex Enable. When enabled the 1 0BASE-T 

MAU loopback and collision detect are disabled. 
LPBK must be disabled when using this function. 

CSO Controller selection input. Digital input which 
selects one of four standard controller timing 
interfaces. This pin has an internal pulldown 
resistor to CND. 

CS1 Controller select input. Digital input which selects 
one of four standard controller timing interfaces. 
This pin has an internal pulldown resistor to 
GND. 

CS2 Controller select input. Digital input which selects 
one of four standard controller timing interfaces. 
This pin has an internal pulldown resistor to 
GND. 

RSL Receive squelch level select input. Pin has 
internal pull up resistor to VCC. 
RSL = High Receive squelch level = 10Base-T 
RSL = Low Receive squelch level = extended 
distance 

XMT Transmit status output. Digital output which 
indicates data transmission on Tx+ and Tx-. 
Pin is open drain output with resist or pullu p and 
is capable of driving an LED. XMT pin and RCV 
pin are the same pin for ML4653. 

RCV Receive status output. Digital output which 
indicates unsquelched data reception on Rx+ 
and Rx-. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 



CLS Collision status output. Digital output which 
indicates that collision condition has been 
detected. Pin is an open drain output with resistor 
pullup and is capable of driving an LED. 

LTP Link test pass output/input. This pin consists of an 
open drain output transistor with a resistor pullup 
that serves both as a link test pass output and a 
link test disable input. When used as an output, 
this pin is capable of driving an LED. 

LJP= High, link test failed 

LTP = Low, link test pass 

LTP = GND, link test disabled 

AUI/TP AU l/twisted pair interface select input. 
AUI/TP = High, AUI selected 
AUI/TP = Low, TP selected 



RPOL This pin must be grounded at all times. 

JAB Jabber detect output. Digital output which 
indicates that the jabber condition has been 
detected. Pin is an open drain output with resister 
p ullup and is capable of driving a LED. 

JAB = High, normal 

JAB = Low, jabber detected 



AUISEL A UI/TP po rt output status 

AUISEL = High, TP port selected 
AUISEL = Low, AUI port selected 

JABDIS Jabber disable input 

JABDIS = High, jabber disabled 
JABDIS = Low, normal operation 

NC No connect. Leave this pin open circuit. 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are limits beyond which the 
life of the integrated circuit may be impaired. All voltages 
unless otherwise specified are measured with respect to 
GND. (Note 1) 



VCC supply voltage +6.5 volts 

All inputs and outputs -0.3v to VCC + .3v 

Input current per pin ±25 mA 

Power dissipation 0.75 Watt 

Storage temperature range -65°C to +1 50°C 

Lead temperature (soldering, 10 sec) 300°C 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A = 0°C to 70°C, V C c = 5V +5%. Note 2 & 3. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VIL 


Digital input low voltage 


All except CLK 
CLK 






.8 
1.5 


V 
V 


VIH 


Digital input high voltage 


All except CLK 
CLK 


2.0 
3.5 






V 

V 


IIL 


Digital input low current 


VIN=GND TxD, TxE, AUI/TP 
VIN=GND LPBK, CS2-0, LBDISJABDIS 
VIN=GND RSL 
VIN=GND LTP, RPOL, 
VIN=GNDCLK 


-10 

-15 


-25 
-250 


-5 

-5 
-50 
-500 
-300 


uA 

LlA 
LlA 

uA 

LlA 


IIH 


Digital input high current 


VIN=VCC TxD, TxE, AUI/TP 
VIN=VCC LPBK, CS2-0, LBDIS, JABDIS 
VIN=VCC RSL 
VIN=VCC LTP, RPOL 
VIN=VCCCLK 


10 


25 


1 
50 

1 

1 
250 


UA 
LlA 
uA 
LlA 
uA 


CIN 


Digital input capacitance 


All except CLK 
CLK 




5 
10 




pF 
pF 


VOL 


Digital output low voltage 


IOL=-2mA TxC, COL, 
RxC, RxD, RxE 
IOL=-10mAXMT, RCV, 
CLS, LTP, RPOL, JAB 






.4 
.6 


V 

V 


VOH 


Digital output high voltage 


IOH=2mA TxC, COL, 
RxC, RxD, RxE 
IOL=10uAXMT, RCV, CLS, 
LTP, RPOL, JAB 


4.0 
2.4 






V 

V 


ICC 


VCC supply current 


TX transmission 
No transmission 
Powerdown mode 




2 


140 
105 


mA 
mA 
mA 


TOV 


Tx± differential 
output voltage 


RTX = 10K 


2.2 


2.5 


2.8 


Vp 


THD 


Tx± harmonic distortion 


TxD=all ones 


-27 






dB 


TCM 


Tx± common mode 
output voltage 








±50 


mVp 


TCMR 


Tx± common mode rejection 


VCM=15vp, 10.1 MHz sine 




±100 




mVp 


TOVI 


Tx± differential output 
voltage during idle 








±50 


mVp 


TOIA 


Tx± output current accuracy 


RTX=10K 




50 




mA 


TRO 


Tx± output resistance 






1 




Mohm 


TCO 


Tx± output capacitance 






10 




pF 


RRI 


Receive input resistance 




2.5K 


10K 




ohms 


RCI 


Receive input capacitance 






10 




pF 


RSON 


Receive squelch on level 


RSL=1 
RSL=0 


275 
150 




520 
325 


mVp 
mVp 



3^ Micro Linear 



4-7 



ML2652/ML2653 



ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


RSOF 


Receive squelch off level 


RSL=1 
RSL=0 


150 
100 




325 
225 


mVp 
mVp 


DOV 


DO± differential 
output voltage 




±550 




±1170 


mV 


DOVI 


DO± differential 

output voltage during idle 








±40 


mV 


DOUS 


DO±differential output 
voltage return to undershoot 








-100 


mV 


DOCMA 


DO± common mode AC 
output voltage 








±40 


mV 


DOCMA 


DO± common mode DC 
output voltage 






VCC *.5 




V 


DIRI 


DI/CI input resistance 




2.5K 


10K 




ohms 


DICI 


DI/CI input capacitance 






10 




pF 


DIBV 


DI/CI input bias voltage 


DI/CI floating 




VCC *.5 




V 


DISON 


DI/CI squelch on level 




-175 




-325 


mVp 


t1 


TxC on time 




45 




55 


ns 


t2 


TxC off time 




45 




55 


ns 


t3 


TxC period 






100 




ns 


t4 


TxE setup time 




25 






ns 


t5 


TxE hold time 











ns 


t6 


TxD setup time 




25 






ns 


U 


TxD hold time 











ns 


t8 


Transmit propagation delay 


Tx± 
DO± 




60 


200 
200 


ns 
ns 


t9 


Start of Idle 
Pulse Width 


Tx± 
DO± 


200 




350 


ns 


no 


SOI pulse width to within 
40mV of final value 


Tx± 
DO± 






4500 
8000 


ns 
ns 


t11 


Transmit output jitter 


Tx± 
DO± 






±8.0 

±.5 


ns 
ns 


t12 


Transmit output 
rise and fall time 


Tx±, 10-90% 


' 


5 




ns 


t13 


TxE to XMT assert 








250 


ms 


t14 


XMT blinker pulse period 




95 




115 


ms 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


t15 


XMT duty cycle 




45 




55 


% 


t20 


Start of receive packet 
to RxE assert 


Rx± 
Dl± 






600 
200 


ns 
ns 


t21 


Start of receive packet 
to RxC active 


Rx+ 
DI+ 






1600 
1300 


ns 
ns 


t22 


RxC on time 




45 




900 


ns 


t23 


RxC off time 




45 




55 


ns 


t24 


RxD valid before RxC 




45 






ns 


t25 


RxD valid after RxC 




35 






ns 


t26 


RxE assert to RCV assert 








250 


ms 


Ml 


RCV blinker pulse period 




95 




115 


ms 


t28 


RCV duty cycle 




45 




55 


% 


t29 


Receive input jitter 


Preamble 
Data 






± 12 
± 18 


ns 
ns 


t30 


Receive propagation delay 


Tx± 
Dl± 






160 
160 


ns 
ns 


t31 


RxC to RxE assert 




30 




60 


ns 


t32 


RxC to RxE deassert 




20 




45 


ns 


t33 


RxE deassert to RxC switchover 




100 




200 


ns 


t34 


Minimum SOI pulse width 
required for receive detection 


Tx± 
Dl± 


180 
180 






ns 
ns 


t40 


Jabber activation delay- 
TxE assert to Tx± disable 




20 




150 


ms 


t41 


Tx± disable to JAB assert 






200 




ms 


t42 


Jabber reset time - TxE 
deassert to JAB deassert 




250 




750 


ms 


t43 


Tx± disable to COL assert 






50 




ns 


t44 


Tx± disable to CLS assert 






50 




ns 


t45 


JAB deassert to COL deassert 








50 


ns 


t46 


JAB deassert to CLS deassert 








50 


ns 


t51 


Transmit link pulse period 




8 




24 


ms 


t52 


Minimum link pulse period 
required for receive detection 




2 




7 


ms 


t52 


Maximum link pulse period 
required for receive detection 




25 




150 


ms 


t53 


Receive link pulse no detect 
to LTP deassert 




50 




150 


ms 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


t54 


Receive link pulse detect to 
LTP assert 




2 






Link Pulse 












200 




t55 


AUI/TP to AUISEL delay 


ns 


t60 


TxE deassert to COL assert 




.9 


1.0 


1.1 


us 


t61 


COL pulse Width 




.9 


1.0 


1.1 


us 


t70 


Start of RCV packet during 
transmission to COL assert 


Rx± 






500 


ns 


t71 


Start of RCV packet during 
transmission to CLS assert 


Rx± 






500 


ns 


t72 


End of RCV packet during 
transmission to COL deassert 


Rx± 






300 


ns 


t73 


CLS blinker pulse period 




95 




115 


ms 


t74 


CLS duty cycle 




45 




55 


% 


t75 


Transmission start during 
reception to COL assert 


Tx± 






300 


ns 


t76 


Transmission start during 
reception to CLS assert 


Tx± 






250 


ms 


t77 


Cl± period 




80 




120 


ns 


t78 


Cl± duty cycle 




40 




60 


% 


t79 


First valid negative Cl± 
data transition to COL assert 








100 


ns 


t80 


First valid negative Cl± 
data transition to CLS assert 








100 


ns 


t81 


Last Cl± positive data 
transition to COL deassert 




160 




250 


ns 


t82 


External clock input jitter 








50 


ps 



Note 2: 
Note 3: 



Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 

Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case test conditions. 

Low Duty cycle pulse testing is performed at Ta- 
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TIMING DIAGRAMS 
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Figure 1 . Transmit System Timing 
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Figure 2. Receive Timing 
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TIMING DIAGRAMS 
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Figure 3. Transmit Timing 
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NOTE: 

1. RxC IS NOT CONTINUOUS DURING IDLE 

2. RxC IS CONTINUOUS DURING IDLE 



Figure 4. Receive Timing - Start of Frame 
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TIMING DIAGRAMS 
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NOTE: 

1. RxC IS NOT CONTINUOUS DURING IDLE — 8 EXTRA CLOCKS ADDED FOR CS2 - = 000 

2. RxC IS CONTINUOUS DURING IDLE 



Figure 5. Receive Timing - End of Frame 
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Figure 6. Jabber Timing (ML2652 only.) 
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TIMING DIAGRAMS 
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Figure 7. Link Pulse Timing 
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Figure 8. SQE Test Timing 
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TIMING DIAGRAMS 
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Figure 9. Collision Timing Reception During Transmission 
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Figure 1 0. Collision Timing Transmission During Reception 
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TIMING DIAGRAMS 
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Figure 11. Cl± Collision 



APPLICATION CIRCUIT — ML2652 




Figure 12 
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FUNCTIONAL DESCRIPTION 



GENERAL 

The ML2652 and ML2653 are composed of a transmitter 
section, receive section and some miscellaneous 
functions. 

The transmit section consists of the manchester encoder, 
AUI, jabber detect, link pulse generator, start of idle (SOI) 
pulse generator, waveform generator, and line driver. The 
purpose of the transmit section is to take data from the 
controller, encode it, and transmit it over either the AUI or 
twisted pair interface. In addition, the transmit section 
generates link pulses, start of idle pulses, and checks for 
jabber condition. The transmitter keeps the data jitter to a 
maximum of ±8.0ns, and the maximum delay through the 
transmission section is less than 2 bits, or 200ns. 



The receive section consists of the manchester decoder, 
collision detect, AUI, receive LPF, receive comparators, 
receive squelch, automatic polarity correct, start of idle 
(SOI) detect, and link pulse detect. The purpose of the 
receive section is to take data from either the twisted pair 
cable or AUI, decode it, then send the data to the 
controller via the controller interface. In addition, the 
receive section detects and automatically corrects for 
reverse polarity, detects link pulses, detects start of idle 
pulses, and implements an intelligent receive squelch 
algorithm. The receive section can successfully lock onto 
an incoming data that contains ±1 8ns of jitter in less than 
1.6|is. 



APPLICATION CIRCUIT — ML2653 



ETHERNET 
CONTROLLER 



SEEQ 8003 
SEEQ 8005 
NSC DP8390 
AMD AM7990 
INTEL 82586 
INTEL 82596 



+5V 
5.1 K 

n VW H 



+5V 



510ft 



L-^vVv- 



r 



HPT 



'O.lyF -L- 



Vcc v C c 

TxC 

TxD 

TxE 

COL 

RxC 

RxD 

RxE 

FD 

LPBK 



Tx- 

Rx+ 



CS0 
CS1 
CS2 



ML2653 



RSL 

XMT/RCV 
LTP 
RPOL 

CLK GND CND RTX 






S 200ft ^ 200ft 
< 1% < 1% 



RJ45 



Figure 1 3 
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The miscellaneous functions are the controller interface, 
single pin crystal oscillator, AUI, loopback modes, test 
mode, and powerdown mode. The ML2653 has no AUI 
interface output. 

The following text describes each of these blocks and 
functions in more detail. Refer to the block diagram. 

TRANSMISSION 

The transmit data (NRZ) is first clocked into the device 
through the controller interface. The device can be 
digitally programmed to accommodate any one of four 
standard Ethernet controllers as described in Controller 
section. 

Then the NRZ data is encoded by the manchester encoder 
as shown in transmit timing diagram in Figure 1 . 

The manchester encoded data then goes to either the AUI 
or twisted pair interface. The selection of the appropriate 
interface is automatic. If the AUI is selected, the 
manchester encoded data is transmitted out differentially 
on the DO+ and DO- pins, and the twisted pair line 
driver is disabled. If the twisted pair interface is selected, 
the manchester encoded data is transmitted out 
differentially on Tx+ and Tx- pins, and the transmit AUI is 
disabled. 

Refer to the AUI section for details on how the AUI and 
automatic interface selection is accomplished. 

Assuming that the twisted pair interface is selected, the 
Manchester encoded data then goes to the transmit 
waveform generator. The transmit waveform generator 
takes the digital Manchester encoded data and generates a 
waveform. When this waveform is passed through the 
cable model in the 10BASE-T standard (figure 14-7 IEEE 
Std 802.3i-1990) it meets the voltage template (figure 14- 
9 IEEE Std 802.3i-1990). 

The transmit waveform generator is composed of a 1 6 x 4 
bit ROM, 4 bit DAC, 3rd order LPF, and clock generator. 
The DAC is used to synthesize a stair-step representation 
of a signal that will meet the required output template. 
The ROM stores the digital representation of the output 
signal and provides a digital input to the DAC. The ROM 
is addressed by a 1 6 phase clock generator that is locked 
to the transmit clock TxC. The high frequency content 
present in the output of the DAC is removed by a 3rd 
order continuous LPF which smooths the output. 

The transmit line driver takes the output of the waveform 
generator and converts this voltage to a differential output 
current on Tx+ and Tx- pins. When one transmit output 
(either Tx+ or Tx-) is sinking current, the other output is 
high impedance, and vice versa. In this way, a differential 
output voltage is developed by sinking this output current 
through two external 200 ohm terminating resistor and a 
2:1 transformer as shown in Figure 12. 

Setting the external terminating resistors to 200 ohms as 
shown in Figure 12 will implement a 100 ohm terminating 
impedance when looking back through the transformer. If 
other terminating impedances are required (such as 150 
ohm), the terminating resistor values can be adjusted 
accordingly as long as the output current stays within the 
minimum and maximum limits (30-70mA). 



The absolute value of the output current, and 
subsequently the output voltage level, is set by an external 
resistor between RTX and GND. If RTX = 10k ohms and 
Tx± is terminated as shown in Figure 1 2, the output level 
is ±2.5V which meets 802.3i-1990 differential output 
voltage requirements. If a different output current/voltage 
level is desired, the level can be changed by changing the 
value of RTX according to the following formula: 

K*Vb/lout 



RTX: 



RTX: 



125*4v/50mA 
10kQ 



When data is being transmitted (and there is no collision 
or link pulse fail condition), the transmit data is looped 
back to the receive path, and the Manchester decoder will 
lock onto the transmit data stream. 

After data transmission is completed, the transmitter sends 
a start of idle (SOI) pulse to signal the end of a packet. 
During the idle period, Tx+ and Tx- are held low. 
Occasionally, link pulses are transmitted during the idle 
period. 

The XMT pin is an output that indicates transmit activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
anoth er digital input. In order to make an LED visible, 
XMT has an internal blinker circuit that generates a 100ms 
blink (50ms high, 50ms low) that is triggered when a 
trans-mission starts. At the completion of the 100ms blink 
period, if a transmission is in progress, another 100ms 
blink is generated. 

RECEPTION 

The twisted pair receive data is typically transformer 
coupled and terminated with an external resistor as shown 
in Figure 12. 

The output of the transformer is then applied to the device 
input pins Rx+ and Rx-. The input is differential, and the 
common mode input voltage is biased to VCC/2 by two 
internal 1 0K bias resistors from Rx+, Rx- to VCC/2. 

The Rx+ and Rx- inputs then go to the receive filter. The 
receive filter is a continuous 3rd order LPF and has the 
following characteristics: 

1 . 3 dB cut-off frequency 1 5 MHz 

2. Insertion Loss (5-1 MHz) < 1 .0 dB 

3. 30 MHz attenuation 1 7.5 dB min. 

The output of the filter goes to the receive comparators. 
There are two receive comparators inside the chip, 
threshold and zero crossing. The threshold comparator 
determines if the receive data is valid by checking the 
input signal level against a predetermined positive and 
negative squelch level. Once the threshold comparator 
determines that valid data is being received, the zero 
crossing comparator senses zero crossings to determine 
data transitions. Both comparators are fast enough to 
respond to 12ns pulse widths with minimum squelch 
overdrive. 
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The receive squelch circuit determines when data on 
incoming Rx+, Rx- is valid. The receive squelch is 
considered "on" when the data is deemed to be invalid, 
and the receive squelch is considered "off when data is 
determined to be valid. 

The input signal must meet the following criteria in order 
to turn receive squelch off and be recognized as valid 
data: 

1 . The input signal must exceed the receive squelch 
on level. When this occurs, a 400ns squelch interval 
timer is started. 

2. During the 400ns squelch interval, the input 
signal must go from one squelch threshold to the 
opposite polarity squelch threshold in less than 
127ns. 

3. During the 400ns squelch interval, the input 
signal has to make less than 9 squelch threshold to 
opposite polarity squelch threshold crossings. 

When the receive squelch is turned off, the receive 
squelch off level is reduced to 2/3 of receive squelch on 
level. 

The receive squelch will be turned back on if either the 
incoming data peaks go below the receive squelch off 
level for 400ns or the start of idle (SOI) pulse is detected. 

The receive squelch on level can be digitally programmed 
for one of two possible levels by using the RSL pin. When 
RSL = 1 , the squelch on level complies with the IEEE 
802.3i-1990 specification. When RSL = 0, the receive 
squelch on level is lowered in order to accommodate 
greater receive attenuation and consequently longer 
twisted pair cable lengths. The receive squelch on level 
can be programmed as follows: 



RSL 







Receive Squelch On Level 
Application Min Typ 



10BASE-T 
Long Distance 



300 
200 



Max 

585mV 
390mV 



The RCV pin is an output that indicates receive activity. 
The pin consists of an open drain output with an internal 
pull-up resistor and can drive an LED from VCC or 
anot her digital input. In order to make an LED visible, 
RCV has an internal blinker circuit that generates a 100ms 
blink (50ms high, 50ms low) that is triggered when 
reception starts. At the completion of the 100ms blink 
period, if reception is in progress, another 100ms blink is 
generated. 

The manchester decoder receives data from either the 
twisted pair interface (as described above) or the AUI 
(described in AUI section). 

The manchester decoder is responsible for recovering 
clock and data from the incoming receive bit stream. 
Clock and data recovery is accomplished by a digital PLL 
which can lock on the incoming bit stream in less than 
1 .6(is. 

The clock (RxC) and NRZ data (RxD) are then output to 
the external world via the controller interface. 



SOI 

A start of idle (SOI) pulse is sent at the end of transmission in 
order to signal to all receivers that transmission has ended 
and the idle period begins. Thus, the transmit section has an 
SOI generator and the receive section has an SOI detector. 

The transmit SOI pulse generator inserts an SOI pulse at the 
end of each transmission. The SOI pulse is typically a 250ns 
positive pulse inserted after the last positive data transition. 
Depending on the data pattern, the positive data transition 
could occur either in the middle or at the end of the last bit 
cell. So the actual width of the transmitted SOI pulse can 
vary from 250-300ns, typically. 

The receive SOI detector senses the SOI pulse using the zero 
crossing comparator. When the SOI pulse is detected, the 
receiver signals to the controller that receive data is no 
longer valid and turns the receive squelch on. 

LINK PULSE 

During the idle period, link pulses are sent by the transmitter 
and detected by the receiver so that the integrity of the 
twisted pair link can be continuously monitored. Thus, the 
transmit section has a link pulse generator, and the receiver 
has a link pulse detector. 

The transmit link pulse generator transmits a 1 00ns wide 
positive pulse (Tx+ high, Tx- low) every 1 6 ±8ms. 

IEEE 802.3M990 Section 14 requires the link pulse to be 
shaped to meet a template when passed or not passed 
through the twisted pair line model. The transmit waveform 
generator takes the link pulse and generates the waveform 
on TX± when passed or not passed through the twisted pair 
line model. 

The receiver monitors the receive input to determine if the 
link pulses are present. When the device is in the link pulse 
pass state, normal packet transmission and reception can 
occur. All link pulses less than 2-7ms apart are ignored 
while in the link pass state. If no link pulses or receive 
packets are detected for a period of 50-1 50ms, the device 
goes into the link pulse fail state. 

When the device is in the link pulse fail state, reception is 
inhibited and the transmitter is placed in the idle state (no 
data transmission but link pulses are still transmitted). In 
order for the device to exit the link pulse fail state, one 
complete packet or 4 consecutive link pulses must be 
detected, and transmit and receive must be idle. 
Consecutive link pulses are defined as pulses that occur 
within 25-1 50ms of each other. If the link pulses occur 
2-7ms apart in the link fail state, the device ignores the link 
pulses and resets the number of consecutive link pulses to 
zero. After the link pulse fail state is exited, transmission and 
reception can be resumed. 

Link pulse status is indicated by the LTP pin. LTP is a dual 
function input/output pin that acts both as an active low link 
test pass output and a link test disable input. The pin 
consists of an open drain output with an internal pull-up 
resistor. If the pin is tied to GND, the pin acts as an input 
and the link test function is disabled. If the pin is not tied to 
GND, the pin acts as an active low link test pass output and 
can drive an LED from VCC or another digital output. Thus, 
the LED is lit when the link test is passing. 
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JABBER 

The transmit section contains a jabber detect circuit. 
Jabber is a fault condition characterized by a babbling 
transmitter. The ML2652 and ML2653 detect jabber when 
a transmission packet exceeds 20-1 50ms in length. If 
jabber detect occurs, the transmit output is disabled, the 
collision signal COL is sent over the controller interface, 
and the JAB pin is pulled low. The device remains in the 
jabber detect state until there is at least 250-750ms of 
continuous non-transmission. Note that link pulses 
continue to be transmitted even when the device is in the 
jabber condition. 

The jabber detection circuitry can be disabled (only on the 
ML2652) with the JABDIS pin for testing and diagnostic 
purposes. Disabling jabber means that a jabber condition 
is never recognized, even when it occurs. JABDIS is an 
active high jabber disable input and has an internal pull- 
down resistor to GND. 

COLLISION 

Collision occurs whenever the DTE card is transmitting 
and receiving data simultaneously. However, the collision 
circuit on the ML2652 operates differently depending on 
whether twisted pair interface or AUI is being used. 

When the twisted pair interface is used, collision occurs 
whenever the device is transmitting and receiving data 
simultaneously, that is when both RxE and TxE a re active. 
The collision state is indicated by COL an d CLS pins. COL 
is used to signal collisi on to the controller. CLS is an active 
low open drain output. CLS is activated during Jabber, but 
not during SQE test while COL is activated during both. 

When the AUI is used (ML2652 only), collision is no 
longer detected from simultaneous transmission and 
reception, but the collision state is determined when a 
collision signal is present on the AUI collision inputs, CI+ 
and CI-. A 1 MHz square wave has to be applied to this 
input in o rder for the device to signal the collision state on 
COL and CLS. 

The CLS pin is an output that indicates collision activity. 
The pin consists of an open drain output with an internal 

pull-up resistor and can drive an LED from VCC or 

another digital input. In order to make an LED visible, CLS 
has an internal blinker circuit that generates a 100ms blink 
(50ms high, 50ms low) that is triggered when a collision 
starts. At the completion of the 100ms blink period, if 
collision is in progress, another 100ms blink is generated. 

SQE TEST 

When the twisted pair interface is used, the device tests 
the collision circuitry at the end of each transmission by 
sending a 1|xs collision pulse over the COL pin. This is 
known as SQE (signal quality error) test and is shown in 
the transmit timing diagram in Figure 1 . The SQE test is 
disabled if the device is in jabber detect state or link pulse 
fail condition. 

When AUI is used (ML2652), the SQE test pulse is 
generated by an external MAU and the external MAU 
sends the SQE test pulse to the ML2652 via the collision 
inputs , CI+ and CI-. The ML2652 then relay s the collision 
signal to the controller via the COL and CLS output pins. 



RECEIVE POLARITY DETECT AND AUTO CORRECTION 

The ML2652 and ML2653 contain an auto-polarity circuit 
that detects the polarity of the receive twisted pair leads, 
Rx+ and RX-and internally reverses the leads if their 
polarity is incorrect. 

When the device is powered up, it is assumed that the 
polarity is correct and no polarity correction occurs. Then 
receive polarity is continuously monitored by checking 
the polarity of the SOI and link pulses since they are 
always positive pulses. If either 2 consecutive SOI or 4 
consecutive link pulses have incorrect RX± polarity, then 
the auto-polarity circuit internally reverses the Rx+ and 
Rx- connections. 

AUI (APPLIES ONLY TO ML2652) 

The ML2652 can be used with an external MAU via the 
Attachment Unit Interface (AUI). When the AUI is used, 
the internal MAU functions and twisted pair interface are 
disabled, and the device only uses the manchester 
encoder and decoder functions, as shown in the block 
diagram. The AUI consists of three differential signal pairs: 
Dl, DO, and CI. The function of each pair is described 
below. 

The DO+ and DO- are differential outputs to the external 
MAU which contain the transmit data output from the 
Manchester encoder. The DO+ and DO- output drivers 
are capable of driving 50 meters of 78 ohm cable with 
less than 5ns rise and fall time and less than ±0.5ns of 
jitter. In addition, at the end of transmission, the AUI 
output driver inserts a 200ns minimum pulse and meets 
the turnoff and idle characteristics specified in IEEE 802.3- 
1 988. An external 78 ohm resistor across DO+ and DO- 
is required as shown in Figure 1 2 to develop the proper 
output levels from the internal current sources. The DO+ 
and DO- outputs can be coupled to an external MAU 
with either capacitors or a transformer. The ML2652 meets 
all AUI transmitter specifications outlined in IEEE 802.3- 
1988 Section 7. 

DI+ and Dl- are inputs from the external MAU which 
contain the receive data that goes to the manchester 
decoder. 

The DI+ and Dl- inputs contain an AUI Dl squelch circuit 
which determines when incoming data on DI+ and Dl- is 
valid. The Dl squelch is considered "on" when the data is 
deemed to be invalid, and the Dl squelch is considered 
"off" when data is determined to be valid. 

The input signal on DI+ and Dl- must meet the following 
criteria in order to turn receive squelch off and be 
recognized as valid data: 

1 . The input signal must exceed the negative AUI Dl 
squelch on level. 

2. The input signal must exceed the negative AUI Dl 
squelch on level for more than 20ns. 

When the Dl squelch is turned off, the Dl squelch off level 
is reduced to 2/3 of the Dl squelch on level. 

The Dl squelch circuit will be turned back on if the idle 
period is detected by no Dl squelch level transitions for 
more than 1 80ns. 
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An external 78 ohm termination resistor is needed across 
DI+ and Dl- as shown in Figure 12. The DI+ and Dl- 
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors or a transformer. The 
ML2652 meets all AUI receiver specifications outlined in 
IEEE 802.3-1 988 Section 7. 

CI+ and CI- are inputs from the external MAU which 
contain the 1 MHz ± 1 5% collision signal as defined in 
IEEE 802.3-1 988 Section 7. The CI+ and CI- inputs 
contain the same squelch circuit used on the Dl inputs 
described in previous paragraphs in this section. 

An external 78 ohm termination resistor is needed across 
CI+ and CI- as shown in Figure 1 2. The CI+ and Cl- 
inputs can be coupled from an external MAU into the 
ML2652 with either capacitors (shown in Figure 1 2) or a 
transformer. The ML2652 meets all AUI receiver 
specifications outlined in IEEE 802.3-1988 Section 7. 

The ML2652 contains an AUI/TP select input pin which 
controls whether the AUI or twisted pair interface is to be 
used for data transmission and reception. When AUI/ 
Twisted Pair Switching = High, the AUI is used for data 
transmission and reception. When AU I/Twisted Pair 
Switching = Low, the twisted pair interface is used for data 
transmission and reception. 



The AUISEL pin is a digital status output that indicates 
which interface has been selected for data transfer, either 
twisted pair or AUI. The pin consists of an open drain 
output with an internal pull-up resistor and can drive an 
LED from VCC or another digital input. AUISEL = High 
indicate s that the twisted pair interface has been selected. 
AUISEL = Low indicates that the AUI interface has been 
selected. 

The ML2652 has the capability to automatically select 
between the twisted pair interface and AUI. This 
auto matic interface selection is accomplished by tying the 
LTP output pin to the AUI/TP input pin. When these two 
pins are connected together, if valid link pulses are 
detected, it is assumed that the twisted pair interface is 
being_used. This causes LTP output to go low, thus forcing 
AUI/TP low, and thus enabling the twisted pair interface. If 
no valid link pulses are detected, it is assumed that t he 
twisted pair interface is not being used, thus causing LTP 
to go high, thus forcing AUI/TP high, thus enabling the 
AUI interface. If valid link pulses reappear, the device will 
automatically disable the AUI and enable the twisted pair 
interface. The algorithm for determining valid link pulses 
is described in the Link Pulse section. 



LOOPBACK 

LPBK provides a loopback through the manchester 
encoder/decoder, but not through the on-chip 10BASE-T 
MAU. No data will go out on either the AUI port or the 
twisted pair port in this mode. This same function is found 
on many discrete manchester encoder/decoders. 

IEEE 802.3 MAUs normally loop the transmit data (DO+) 
when transmitting with no collisions. When using an 
external transceiver through the ML2652's AUI port, the 
controller can first check the local loopback by setting 
LPBK. If it passes this test it can then check the AUI cable 
and external MAU by doing the normal MAU loopback. 

FULL DUPLEX OPERATION 

The ML2652 and ML2653 are capable of operating in the 
full duplex mode which transmits and receives data 
simultaneously. In the full duplex mode the collision 
circuitry is disabled just as it is in the loopback mode. To 
achieve full duplex operation the full duplex pin FD is 
enabled and the loopback pin LPBK must be disabled. 
Both of these conditions must be present to operate in the 
full duplex mode. 

CONTROLLER INTERFACE 

The ML2652 and ML2653 has a flexible and 
programmable digital interface which enables it to directly 
interface to Ethernet controllers manufactured by Intel, 
AMD, National and Seeq. 

The controller interface consists of seven pins. TxC, TxD, 
and TxE are the transmit clock output, transmit data input, 
and transmit data enable input, respectively. RxC, RxD, 
and RxE are the receive clock output, receive data output, 
and receive data enable output, respectively. COL is the 
collision detect output. 

All the standard Ethernet controllers use a similar 
controller interface but differ in the polarity of COL, LPBK, 
TxE and RxE, and in what edge of TxC and RxC that 
clocks in the data. They also differ on whether the RxC 
clock needs to be continuous or not during idle, and on 
the polarity of RxD during idle. In order to accommodate 
the different controller interface definitions, the controller 
select pins, CS2-0, modify these signals according to 
Table 1 . 
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POWERDOWN 

The device can be placed in the power down mode with 
the controller select pins CS2-0 as described in Table 1 . 
When in powerdown mode, the current consumption is 
reduced to less than 100uA and all device functions are 
disabled. 

CRYSTAL OSCILLATOR 

The ML2652 requires an accurate 20 MHz reference for 
internal clock generation. This can be achieved by 
connecting an external crystal or an external clock 
between the CLK and GND pins. 

If an external clock is used, it must have a frequency of 
20 MHz ±0.01 % and have high and low levels of 3.5 and 
1 .5 volts. 



If a crystal is used, the crystal should be placed physically 
as close as possible to the CLK and GND pins, especially 
CLK. No other external capacitors or components are 
required. The crystal should have the following 
characteristics: 

1. Parallel resonant type 

2. Frequency: 20 MHz 

3. Tolerance: ±0.005% @ 25°C 

4. Less than 0.005% frequency drift across 
temperature. 

5. Maximum equiv. series resistance: 
15ohms@1-200j.iW 

30 ohms® 0.01 -1uW 

6. Typical load capacitance: 20pF 

7. Maximum case capacitance: 5pF 



Table 1 . Controller Select Pin Definitions 
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PDN mode 



r = rising edge clocks data h = active high c = RxC required continuously 

f = falling edge clocks data I = active low n = RxC only during RxD transmission 

m = RxC only during RxD transmission + 5 extra RxC cycles 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML2652CQ 
ML2653CQ 


0°C TO +70°C 
0°C TO +70°C 


44-Pin Molded Leaded PCC (Q44) 
28-Pin Molded Leaded PCC (Q28) 
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ML2653EVAL 



1 0BASE-T Transceiver Evaluation Kit 



GENERAL DESCRIPTION 

The ML2653EVAL evaluation board is an internal 
10BASE-T transceiver which can interface to either 
National or AMD's Ethernet controller. The ML2653 
contains an encoder/decoder (ENDEC), media access unit 
(MAU), and filter. The ML2653 interfaces to the twisted 
pair media through an isolation transformer. This 
evaluation board can interface to the Ethernet LAN 
controller by plugging it's 24-pin socket into the 
manchester encoder/decoder (ENDEC) socket. 



FEATURES 

■ LED status for; link detect, receive and transmit activity 

■ Selectable receive squelch level 

■ Selectable full duplex mode 

■ Single supply 5V ±5% 

KIT COMPONENTS 

■ ML2653 user guide 

■ ML2653 data sheet 

■ ML2653 assembled Eval board 

The user guide includes performance data, lay out 
recommendation, lay out, schematic, parts list and a 
tutorial on how to use the demo board. 
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Data Quantizer 



GENERAL DESCRIPTION 

The ML4621 Data Quantizers is a low noise, wideband, 
bipolar monolithic ICs designed specifically for signal 
recovery applications in fiberoptic receiver systems. It 
contains a two stage wideband limiting amplifier which 
is capable of accepting an input signal as low as 2mV 
with a 55dB dynamic range. This high level of 
sensitivity is achieved by using a DC restoration 
feedback loop which nulls any offset voltage produced 
in the limiting amplifier. 

The output stage is a high speed comparator circuit 
with both TTL and ECL outputs. An enable pin is 
included for added control. 

The Minimum Signal Discriminator circuit provides a 
Link Monitor function with a user selectable reference 
voltage. This circuit monitors the peaks of the input 
signal and provides a logic level output indicating 
when the input falls below an acceptable level. This 
output can be used to disable the Quantizer and/or 
drive an LED, providing a visible link status. 



FEATURES 

■ 50MHz minimum bandwidth for data rates 
of up to 100MBd 

■ Can be powered by either +5V providing TTL level 
outputs or -5.2V providing ECL levels 

■ Low noise design: 

25/t/V RMS over 50MHz noise bandwidth 

■ Adjustable Link Monitor function 

■ Wide 55dB input dynamic range 

■ 10ns minimum input pulse 

■ Available in a 24-pin Skinny DIP and 28-pin PLCC 

APPLICATIONS 

■ IEEE 802.3 FOIRL Receiver 

■ IEEE 802.5 4 and 16 Mbps Fiber Optic Token Ring 

■ IEEE 802.4 Fiber Optic Token Bus 

■ Fiber Optic Data Communications and 
Telecommunications Receivers 



BLOCK DIAGRAM 
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PIN CONNECTIONS 

ML4621 
24-Pin Skinny DIP 



ML4621 
28-Pin PCC 




TTL LINK MON 



CMP ENABLE 

NC 



ECL LINK MON 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



ECL LINK MON 



TTL LINK MON 



CMP ENABLE 



V,N" 



V,N+ 



CMP- 



ECL- 

ECL+ 

GNDTTL 

VccTTL 

TTL OUT 



ECL Link Monitor output. Signal is 
low when the V|n+, Vin- inputs 
exceed the minimum threshold, 
which is set by a voltage on the 
VjhADJ pin. Signal is high when 
the input signal level is below the 
threshold. 

TTL Link Monitor output. Same 
logic function as ECL LINK MON. 
Capable of driving a 10mA LED 
indicator. This pin normally tied to 
CMP ENABLE. 

A low voltage at this TTL input 
pin enables both the ECL and the 
TTL outputs. A high TTL voltage 
disables the comparator output 
with ECL+ high, ECL- low, and TTL 
OUT high. 

This input pin should be 
capacitively coupled to the input 
source or to ground. (The input 
resistance is approximately 8kQ.) 

This input pin should be 
capacitively coupled to the input 
source or to ground. (The input 
resistance is approximately 8kQ.) 

This comparator input pin is an 
open base configuration which 
relies on the DC bias of the 
amplifier output to establish the 
proper DC operating voltage. This 
voltage should be reestablished if 
filtering is implemented between 
Vout- and CMP-. 
The ECL comparator negative 
output. 

The ECL comparator positive 
output. 

The negative supply for the TTL 
comparator stage. If the TTL 
output is not necessary, connect 
GND TTL and V C c TTL to V C o 
The positive supply for the TTL 
comparator stage. If the TTL 
output is not necessary, connect 
GND TTL and V C c TTL to Vcc- 
TTL data output. (Totem pole type 
output stage.) 



Vdc An external capacitor on this pin 

integrates an error signal which 
nulls the offset of the input 
amplifier. If the DC feedback loop 
is not being used, this pin should 
be connected to Vref- 

CF2 A capacitor from this pin to 

ground controls the maximum 
bandwidth of the amplifier to 
accommodate lower operating 
frequencies. 

CF1 The capacitor on this pin should 

match the one on CF2. 

Vqut- The negative output of the 

amplifier, which is normally tied to 
CMP-. 

Vout + The positive output of the 

amplifier, which is normally tied to 
CMP+. 

CMP* This comparator input pin is an 

open base configuration which 
relies on the DC bias of the 
amplifier output to establish the 
proper DC operating voltage. This 
voltage should be reestablished if 
filtering is implemented between 
Vout + and CMP+. 

GND Negative supply. Connect to -5.2V 

for ECL operation, or to ground 
for TTL operation. 

VjhADJ This input pin sets the minimum 

amplitude of the input signal 
required to cause the link 
monitors to go low. 

Vref A 2.5V reference with respect to 

GND. 

Cpeak A capacitor from this pin to 

ground determines the Link 
Monitor response time. 

'set Current into an internal diode 

connected between this pin and 
GND is turned around and pulled 
from Cpeak- This pin is normally 
connected to Inom* 
'nom Sets a current of approx. 125/t/A 

when connected to Iset- 

Vcc Positive supply. Connect to 

ground for ECL operation, or to 
5V for TTL operation. 
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ABSOLUTE MAXIMUM RATINGS 

V cc - GND -0.3 to +7.0 

V cc TTL - GND TTL -0.3 to +7.0 

Inputs/Output GND -0.3 to V cc +0.3 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ML4621 ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions of Ta = 0°C to 70°C, Vcc = 5V ± 5%, GND = 0V unless otherwise noted. 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


'cci 


Vcc Supply Current 




65 


100 


mA 


V cc TTL = GND TTL = V cc 


'CC2 


Vcc Supply Current 
(TTL Out Enabled) 




70 


110 


mA 


V cc TTL = V cc 
GND TTL - GND 


'Vref 


Vref Output Current 


-5.0 




0.5 


mA 




Vref 


Reference Voltage 


2.40 


2.55 


2.65 


V 




A V 


Amplifier Gain A1 A2 




75 




V/V 


V, N = 5mV 


V|N 


Input Signal Range 


2 




1400 


mVp_p 




V TH ADJ 
Range 


External Voltage at V TH ADJ 
to set V TH 


1 




2.5 


V 




Vos 


Input Offset 




3 




mV 


Vqc = V REF (DC loop inactive) 


En 


Input Referred Noise 




25 




A/V 


50MHz BW 


BW 


3dB Bandwidth 


50 


65 




MHz 




V| N PW 


Min Input Pulsewidth 




10 




ns 




R|N 


Input Resistance 




8 




kO 


V| N + , V, N - 


t PD AMP 


Amplifier Propagation Delay 


4 




8 


ns 


From V, N +, V, N - to Vour'v V OU t- 
V, N - 10mV P _p 


t PD ECL 


ECL Comparator Propagation Delay 


4 




8 


ns 


From CMP+, CMP- to ECL+, ECL- 
V| N - 10mV P _p 


tppTTL 


TTL Comparator Propagation Delay 


4 




8 


ns 


From ECL+, ECL- to TTL OUT 
V| N - 10mV P _p 


R V TH AD) 


Input Resistance of V TH ADJ 




6.8 




kO 




'VOUT 


Output Current of Vqut + ar, d Vqut - 






3 


mA 




'CMP 


Leakage Current of CMP+ and CMP- 




25 




M 




VCM CM p 


Common Mode Range of 
CMP+ and CMP- 


GND + 2.0 




V cc " 1.0 


V 




ECL V OH 


Output High Voltage at ECL+, ECL- 


3.90 




4.30 


V 


With 200O load tied to V cc - 2V 
T A = 25*C 


ECL Vol 


Output Low Voltage at ECL+, ECL- 


3.11 




3.38 


V 


With 200O load tied to V cc - 2V 
T A = 25«>C 


A V ECL 


ECL CMP Gain 




100 




V/V 




TTLVoh 




2.4 






V 


V CC TTL = 5V, Iqh - -50//A 


TTL V OL 








0.4 


V 


V C c TTL = 5V l OL = 2mA 


TTLV lH 




2.0 






V 




ttlv il 








0.8 


V 




TTLI,h 




-50 




50 


M 


V| H - 2.4V 


TTLI.L 




-1.6 







mA 


V| H - 0.4V 


'nom 






125 




M 


•nom = 'set 
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FUNCTIONAL DESCRIPTION 

AMPLIFIER 

The Quantizer has a two stage limiting amplifier with 
an input common mode range of (GND + 1.8V) to 
(Vcc - 1.5V). Maximum sensitivity is achieved through 
the use of a DC restoration feedback loop and AC 
coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1.9V. 
These coupling capacitors, in conjunction with the 
input impedance of the amplifier, establish a high pass 
filter with a 3dB corner frequency, f[, at 

1 

f L = (1) 

2?r 8000 C 

Since the amplifier has a differential input, two 
capacitors of equal value are required. If the signal 
driving the input is single ended, one of the coupling 
capacitors can be tied to Vcc as shown in figure 1. The 
high corner frequency can also be adjusted by 
attaching capacitors to CF1 and CF2. The equation for 
adjusting this corner is 

fH= id^ (2) 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vqs in figure 2. In order 
to reduce this error a DC feedback loop is 
incorporated. This negative feedback loop nulls the 
offset voltage, forcing Vqs to be zero. An external 
capacitor at Vrx; is used to store the offset voltage. 
Although the value of this capacitor is non-critical, the 
pole it creates can effect the stability of the feedback 
loop. To avoid stability problems using the ML4621, the 



VOUT- 



T 

vos 

1 



Figure 2. 

value of this capacitor should be at least 100 times 
smaller than the input coupling capacitors. 

On the ML4621, the output of the amplifier is isolated 
from the comparator and made available to the user. 
This allows the user to add circuitry between the 
amplifier and the comparator for wave shaping and 
other signal conditioning as desired. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECL 
comparator is used to provide the ECL level outputs 
and in turn d rives the TTL comparator. The enable pin, 
CMP ENABLE, is pr ovided to con trol the ECL 
comparator. When CMP ENABLE is low the comparators 
function normally. When it's high, it forces ECL+ high, 
ECL- low, and TTL OUT high. The CMP ENABLE pin 
can be controlled with TTL level signals when the 
Quantizer is powered by 5V and ground. 




=f 0.1/tf 



Figure 1. The ML4621 Configured for 20MHz Bandwidth with TTL Output 
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LINK MONITOR 

This function is implemented by the Minimum Signal 
Discriminator and the Threshold Generator circuits. The 
purpose of this function is to monitor the input signal 
and provide a status signal indicating when the input 
falls below a preset voltage level. This is done by peak 
detecting the output of the amplifier section and 
comparing this level with the voltage at VjhADJ. 

The equation which determines the droop rate of the 
peak detector is 

dV Iiset 
dt " C 



(3) 



In this equation C is the peak capacitor at Cpeak- O n 
the ML4621 the droop rate of the peak detector can be 
adjusted two ways: 

1) By adjusting the value of the peak capacitor at Cpeak- 

2) By adjusting the charge current into the peak 
capacitor at Iset- 

The charge current, Iiset, can be controlled externally 
by connecting a resistor, Rext, between Iiset and Vcc- 
Iiset will then be 

V CC - 0.7 

'ISET 



Rext + 1700 



(4) 



For convenience, an on-chip current source of 125//A is 
available by connecting Inom to Iset- 

The Threshold Generator level shifts the reference 
voltage at VjhADJ through a circuit which has a 
temperature coefficient matching that of the limiting 
amplifier. The relationship between VjhADJ and Vjh 
(the minimum peak voltage at the input which will 
trigger the Link Monitor) is: 

V TH ADJ = 600V TH + 0.7 (5) 

The on-chip reference voltage, Vref, can be tied 
directly to VjhADJ to set the threshold level. This will 
set the minimum input signal on the ML4621 at about 
3mV (peak). 

A lower threshold level can be set by dividing down 
Vref with a resistor string, as in figure 3. 





Vref 


- 


k 












REF 








* VthADJ 






Ri < 












THRESH 
GEN 












R2 < 











Figure 3. 

Since the ML4621 has a relatively low input impedance 
of 6.8K and is offset by one diode drop, the equation 
which accounts for the load and offset is: 



VjhADJ - 



R 2 (6800V RE f + a7Rj) 
6800(R 1 + R 2 ) + R1R2 



(8) 



THRESHOLD ADJUSTMENT EXAMPLE 

If you are using the ML4621 and you want the Link 
Monitor to trigger when the received optical power 
goes below 1//W (-30dBm), you first need to calculate 
the resultant voltage at V|n+ and V|n~. If you are using 
the Hewlett-Packard HFBR-24X6 Fiberoptic Receiver with 
a responsitivity of 8mV///W, the peak-to-peak voltage 
would be: 

1//W x 8mV///W = 8mV P _p (9) 

So the Link Monitor should trigger at some point 
slightly lower than 4mV peak, say 3mV. Setting Vj H in 
equation 5 to 3mV and solving for VjhADJ yields: 

VjhADJ - 600(.003) + 0.7 - 2.5V 

This is a convenient value since the reference voltage 
supplied by the Quantizer, Vref, is 2.5V. 

The Link Monitor has about 0.4m V (peak) hysteresis 
built-in. More hyst eresis can be ind uced by connecting 
a resistor between TTL LINK MON and V TH ADJ creating 
a positive feedback loop. 

Refer to Micro Linear's Application Note 6 for more 
detail. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4621CP 
ML4621CQ 


0°C to +70°C 
0°C to +70°C 


Molded DIP (P24N) 
MOLDED PCC (Q28) 
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Fiber Optic Data Quantizer 



GENERAL DESCRIPTION 

The ML4622 and ML4624 Data Quantizers are low noise, 
wideband, bipolar monolithic ICs designed specifically for 
signal recovery applications in fiberoptic receiver systems. 
They contain a wideband limiting amplifier which is 
capable of accepting an input signal as low as 2mVp_p 
with a 55dB dynamic range. This high level of sensitivity 
is achieved by using a DC restoration feedback loop 
which nulls any offset voltage produced in the limiting 
amplifier. 

The output stage is a high speed comparator circuit with 
both TTL and ECL outputs. An enable pin is included for 
added control. 

The Link Detect circuit provides a Link Monitor function 
with a user selectable reference voltage. This circuit 
monitors the peaks of the input signal and provides a 
logic level output indicating when the input falls below 
an acceptable level. This output can be used to disable 
the Quantizer and/or drive an LED, providing a visible 
link status. 



FEATURES 

■ Data rates up to 40MHz or 80MBd 

■ Can be powered by either +5V providing TTL or raised 
ECL level outputs or -5.2V providing ECL levels 

■ Low noise design: 25liV RMS over bandwidth 

■ Adjustable Link Monitor function with hystersis 

■ Wide 55dB input dynamic range 

■ Low power design 

■ Available in 16-pin SOIC (Narrow) or DIP (ML4622), 
24-pin Skinny DIP (ML4624) and 28-pin PCC(ML4624) 

■ ML4624 is pin compatible with the ML4621 

APPLICATIONS 

■ IEEE 802.3 FOIRL, 10BASE-F Receiver 

■ IEEE 802.5 4 and 1 6 Mbps Fiber Optic Token Ring 

■ Fiber Optic Data Communications and 
Telecommunications Receivers 



ML4622/ML4624 BLOCK DIAGRAM 




VthADJ 



Ctimer 



♦ML4624 ONLY 
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PIN CONNECTIONS 



ML4622 
16-Pin DIP or 
SOIC (Narrow) 



ML4624 
24-Pin Skinny DIP 



TTL LINK MON £ 1 
GND C 2 

Vin- C 3 
V| N + C 4 
VDC C 5 
CF2 C 6 
CF1 C 7 
GND TTL C 8 



16 U CMP ENABLE 
15 ] VthADJ 
14 3 VREF 
13 2 CTIMER 
12 ] Vcc 
11 2 TTL OUT 
10 2 ECL+ 
9 2 ECL- 




ML4624 
28-Pin PCC 



CMP ENABLE TTL LINK MON 

NC | { NC Vcc NC NC 

y n n n n n n n 

/4 3^ 2 1 28 27 26 

5 25 h NC 



Vin- C 

V| N + C 6 

NC [ 7 

VDC [8 

CF2 [9 

CF1 [ 10 

NC [ 11 



12 13 14 15 16 17 1* 

u u u u u u u 

NC NC NC NC 



24 2 CTIMER 

23 2 Vref 

22 2 VthADJ 

21 2 GND 

20 2 TTL OUT 

19 2 Vcc TTL 



fecuf 

KL- GND TTL 
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PIN DESCRIPTION 



NAME 



FUNCTION 



NAME 



FUNCTION 



TTL LINK MON 



CMP ENABLE 



VlM- 



V| N + 



ECL- 



ECL+ 



GND TTL 



TTL Link Monitor output. Signal is 
low when the Vjn+, V|n~ inputs 
exceed the minimum threshold, 
which is set by a voltage on the 
V TH ADJ pin. Signal is high when the 
input signal level is below the 
threshold. Capable of driving a 10mA 
LED indicator. This pin can be tied to 
CMP ENABLE. 

A low voltage at this TTL input pin 
enables both the ECL and the TTL 
outputs. A high TTL voltage disables 
the comparator output with ECL+ 
high, ECL- low, and TTL OUT high. 

This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1 .6K£2.) 

This input pin should be capacitively 
coupled to the input source or to 
filtered ground (note 5). (The input 
resistance is approximately 1 .6K£X) 

The ECL comparator negative output. 
Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

The ECL comparator positive output. 
Has internal pull down resistor. 
External pull downs are not required 
unless driving a large capacitive 
load. 

The negative supply for the TTL 
comparator stage. If the TTL output is 
not necessary, connect GND TTL 
to V cc . 



Vcc TTL The positive supply for the TTL 

comparator stage. If the TTL output is 
not necessary, connect V cc TTL to 
V cc . (ML4624 only) 

TTL OUT TTL data output. 

Vqc An external capacitor on this pin 

integrates an error signal which nulls 
the offset of the input amplifier. If the 
DC feedback loop is not being used, 
this pin should be connected to Vrfj. 

CF2 A capacitor from this pin to CF1 

controls the maximum bandwidth of 
the amplifier. 

CF1 Connect to CF2 through a capacitor. 

GND Negative supply. Connect to -5.2V 

for ECL operation, or to ground for 
TTL or raised ECL operation. 

VjhADJ This input pin sets the link monitor 

threshold. 

Vref A 2.5V reference with respect to 

GND. 

Cnmer A capacitor from this pin to V C c 

determines the Link Monitor 
response time. 

Vcc Positive supply. Connect to ground 

for negative ECL operation, or to 5V 
for TTL or raised ECL operation. 
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ABSOLUTE MAXIMUM RATINGS 

(NoteD 

V cc - GND -0.3 to +7.0 

V cc TTL - GND TTL -0.3 to +7.0 

Inputs/Outputs GND -0.3 to V C c +0.3 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) +260°C 



ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Note 2 and 3) 

Over recommended operating conditions of T A = 0°C to 70°C for commercial temperature range, T A = -40°C to +85°C for 
industrial temperature range, Vcc = 5V ± 10%, GND = 0V unless otherwise noted. 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


'ca 


v cc Supply Current 
(TTL Output Disabled) 




35 


45 


mA 


GND TTL = V C c 


'CC2 


Vcc Supply Current 
(TTL Output Enabled) 




55 


70 


mA 


GND TTL = GND 


Vref 


Reference Voltage 


2.40 


2.50 


2.60 


V 




'VREF 


Vref Output Source Current 






5 


mA 




A v 


Amplifier Gain 




100 




V/V 




V|N 


Input Signal Range 


2 




1600 


mVp_p 




V TH ADJ 
Range 


External Voltage at V TH ADJ 
to set Vjh 


0.5 




2.6 


V 




Vos 


Input Offset 




3 




mV 


Vdc = Vref (DC loop inactive) 


En 


Input Referred Noise 




25 




uV 


50MHz BW 


BW 


3dB Bandwidth 




45 




MHz 




RiN 


Input Resistance 


1 


1.6 


2.5 


kQ 


V|N+/ V| N - 


'VTHADJ 


Input Bias Current of V TH ADJ 


-200 


10 


+200 


uA 




tpDTTL 


Propagation Delay 




15 




ns 


From V| N +, V iN - to TTL Out 
V| N = 1 0mV P _p 


tpDECL 


Propagation Delay 




11 




ns 


From V| N +, V iN - to ECL+, ECL- 
V| N = 10mV P _p 


TTL Vqh 




2.4 






V 


V CC TTL = 5V, Iqh = -50uA 


TTL Vql 








0.55 


V 


V C c TTL = 5V, Iql = 2mA 


TTL V, H 




2.0 






V 




TTL V, L 








0.8 


V 




TTLI IH 




-50 




50 


uA 


V| H = 2.4V 


TTL l IL 




-1.6 







mA 


V| H = 0.4V 
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ML4622, ML4624 ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions of T A = 0°C to 70°C for commercial temperature range, T A = -40°C to +85°C for 
industrial temperature range, V C c = 5V ± 10%, GND = 0V unless otherwise noted. 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


Vth 


Input Threshold Voltage 
ML4622 
ML4624 


4 
5 


5 
6 


6 

7 


mVp_p 
mVp_p 


V TH ADJ = V REF (note 4) 
V TH ADJ = V REF (note 4) 


Hystersis 






20 




% 




V C M 


Common mode voltage 
on VIN+, VIN- 




1.65 




V 




ECLvoh 


Output High Voltage at 
ECL+, ECL- 


V CC - 1-06 




V CC - 0-7 
V CC ~ 0-6 


(note 5) 


With 200ft load tied to 
V CC -2V 


ECLvol 


Output Low Voltage at 
ECL+, ECL- 


V CC -1.89 




Vcc- 1-62 
V C c - 1 -56 


(note 5) 


With 200Q load tied to 
V CC -2V 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty Cycle pulse testing is performed at T^. 

Note 4: DC Tested — Threshold for switching TTL LINK MON from High (off) to Low (on). 
Note 5: Industrial temperature range specification.. 
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FUNCTIONAL DESCRIPTION 



AMPLIFIER 

The ML4622, ML4624 have an adjustable Bandwidth 
limiting amplifier. Maximum sensitivity is achieved 
through the use of a DC restoration feedback loop and 
AC coupling the input. When AC coupled, the input DC 
bias voltage is set by an on-chip network at about 1 .7V. 
These coupling capacitors, in conjunction with the input 
impedance of the amplifier, establish a high pass filter 
with a 3dB corner frequency, iy at 



1 



2jf1 600 C 



(1) 



Since the amplifier has a differential input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling capacitors can be tied 
to Vcc as shown in figure 1 . 

CF1 and CF2 create a low pass filter with the corner 
frequency determined by the following equation 



1 



2;r800(C+4pF) 



(2) 



VOUT+ 



VOUT- 



\Z1] 

vo 



Figure 2. 

The above equation applies when a single capacitor is 
tied between CF1 and CF2. When using two capacitors of 
equal value (Cap1 from CF1 to Vqo Cap2 from CF2 to 
Vcc) tne value derived for C should be doubled. 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. This is represented by Vqs in figure 2. In order to 
reduce this error a DC feedback loop is incorporated. This 
negative feedback loop nulls the offset voltage, forcing 
Vqs to be zero. Although the capacitor on Vrjc is non- 



ECL+ ECL- 




I » 

4.7 H H 



£ 



T T 4 - 7 ™ T' 7 T 



O-Vrf 



♦ML4624 ONLY 



Note: If TTL OUT is used, tie GND TTL to unfiltered ground and remove L1 . If TTL OUT and ECL outputs are both used, add 3K pulldown resistors at 
ECL outputs. 

Figure 1. The ML4622, ML4624 Configured for 20MHz Bandwidth 
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critical, the pole it creates can effect the stability of the 
feedback loop. To avoid stability problems, the value of 
this capacitor should be at least 10 times larger than the 
input coupling capacitors. 

COMPARATOR 

Two types of comparators are employed in the output 
section of these Quantizers. The high speed ECL 
comparator is used to provide the ECL level out puts a nd in 
turn driv es the TTL comparator. The enable pin, CMP 
ENAB LE, is provided to control the ECL comparator. 
When CMP ENABLE is low the comparators function 
normally. When it's high , it forces ECL+ high, ECL- low, 
and TTL OUT high. The CMP ENABLE pin can be 
controlled with TTL level signals when the Quantizer is 
powered by 5V and ground. 

LINK DETECT CIRCUIT 

The Link Detect circuit monitors the input signal and 
provides a status signal indicating when the input falls 
below a preset voltage level . When the inpu t falls below 
the preset voltage level, the TTL LINK MON output 
changes from active (low) to inactive (high). This signal 
can be fed to the ML4662 10BASE-FL transceiver or a 
similar type of function to indicate a Low Light Condition. 
This output c an also be used to disable the output data by 
tying it to the CMP ENABLE input. 

In many fiber optic systems, including Ethernet and Token 
Ring, a bit error rate is given at a minimum power level. 
For example, in a 1£)Base-FL receiver there must be less 
than 1 x 1 0- 9 bit errors at a receive power level of 
-32.5dBm average. Designers of these systems must 
insure that the bit error rate is lower than the specification 
at the given minimum power level. One procedure to 
determine the sensitivity of a receiver is to start at the 
lowest optical power level and gradually increase the 
optical power until the BER is met. In this case t he Lin k 
Detect c ircuit must not disable the receiver (i.e. CMP 
ENABLE should be tied to Ground). Once the sensitivity of 
the receiver is determined, the Link Detector circuit can 
be set just above the power level that meets the BER 
specification. This way the receiver will shut off before the 
BER is exceeded. 



The ML4622 and ML4624 quantizers have greater Link 
Detect sensitivity, noise immunity, and accuracy than their 
predecessor the ML4621 . 

The threshold generator shifts the reference voltage at 
VjhADJ through a circuit which has a temperature 
coefficient matching that of the limiting amplifier. The 
relationship between the VjhADJ and the V TH (the peak to 
peak input threshold) is: 



V TH ADJ =417 V TH (ML4624) 
V TH ADJ = 500 V TH (ML4622) 



(3) 



In most cases, including 10Base-FL, 10Base-FB and 
Token-Ring, V TH ADJ can be tied directly to Vre F - However 
if greater sensitivity is required the circuit in figure 3 can 
be used to adjust the VjhADJ voltage. Even if Vref is tied 
to VjhADJ, it is a good idea to layout a board with these 
two resistors available. This will allow potential future 
adjustments without board revisions. 

The response time of the Link Detect circuit is set 
by the Crimpr P'n . Starting from the link off state (i.e., 
TTL LINK MON is high), the link can be switched on 
if the input exceeds the set threshold for a time given by: 



CtimerxO-7V 
700^A 



(4) 



To switch the link from on to off, the above time will be 
doubled. 











Vref 




REF 




















} V THADJ 




THRESH 
GEN 



















. (-Vrf) 



Figure 3. 
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BURST MODE 

In some fiber optic links, the idle signal is DC, or of a 
frequency that is substantially different from the data. For 
these links, a faster response time of the DC loop and the 
Link Monitor is required. 



The ML4622 and ML4624 has been designed to 
accommodate these two requirements. The input coupling 
capacitors can be relatively small and still maintain 
stability. With smaller input coupling capacitors and V DC 
capacitor a faster DC loop response time can be achieved. 
The Link Monitor is also enhanced to have a faster 
response time. 



ORDERING INFORMATION 





TEMPERATURE 




PART NUMBER 


RANGE 


PACKAGE 


ML4622CP 


0°C to +70°C 


Molded DIP (PI 6) 


ML4622CS 


0°C to +70°C 


Molded SOIC (Narrow) (S16N) 


ML4622IS 


-40°C to +85°C 


Molded SOIC (Narrow) (S16N) 


ML4624CP 


0°C to +70°C 


Molded DIP (P24N) 


ML4624CQ 


0°C to +70°C 


Molded PCC (Q28) 
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PRELIMINARY 

ML4632 



Fiber Optic LED Driver 



GENERAL DESCRIPTION 

The ML4632 is a fiber optic LED driver suited for network 
applications up to 20Mbps. The part is capable of driving 
up to 1 00mA of current through a Fiber Optic LED from 
an ECL or TTL level input signal. Its efficient output stage 
provides a high current that can be programmed for 
accurate absolute output level as well as automatic 
temperature compensation. The combination of automatic 
temperature compensation and a highly accurate current 
driven design insures precise launch power. 

The LED driver's output stage provides fast, well matched 
rise and fall times through a unique class B output stage 
that burns supply current only when the LED is on. A 
positive temperature coefficient of up to 3300ppm/°C can 
be programmed into the output current to compensate for 
the negative temperature coefficient of the LED optical 
output power. An optional peaking circuit may also be 
employed. 

The ECL and TTL inputs are ANDed so one can be used 
for data and the other for an enable input. An ECL 
compatible BIAS voltage is also provided for single ended 
ECL applications. 



FEATURES 

■ Current Driven Output for accurate Launch Power 

■ Programmable output current from 20mA to 1 00mA 

■ Programmable temperature coefficient, to 3300ppm/°C 

■ High Efficiency Output Stage 

■ Programmable LED pre-bias current 

■ Low EMI/RFI Noise 

■ ECL or TTL inputs 

■ Optional Peaking circuit 

APPLICATIONS 

■ IEEE 802.3, 10BASE-F 

■ IEEE 802.5 Fiber Optic Token Ring 

■ IEEE 802.4 Fiber Optic Token Bus 

■ Fiber Optic Data Communications and 
Telecommunications 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4632 
14-Pin DIP (P1 4) 



ML4632 
16-Pin SOIC (SI 6W) 




PEAK C 7 




PIN DESCRIPTION 



NAME 



FUNCTION 



ECLN Negative ECL data input. Tie to VBIAS for 

single ended ECL operation or when ECLP is 
used as an enable. Tie to ground during TTL 
only operation. 

VBIAS BIAS voltage for single ended ECL operation. 

LED Fiber optic LED drive pin. Connect the LED 

between this pin and Vco 

GND Negative power supply. The pin should be 

tied to the grounded side of RTSET to improve 
output accuracy and avoid a ground loop. 

RTSET Output current programming pin. Connect a 

resistor of value Vdrv/Iled fro™ this pin to 
ground to set the high LED output current. 

RPK Peaking circuit bias pin. Connect a resistor of 

value V D rv/Ipeak from this pin to ground 
when using the peaking circuit. Leave open 
circuited when peaking is not used. 

PEAK Peaking circuit output pin. When using 

peaking, connect this pin to V<x through a 
resistor of value RRPK. Then connect a 
capacitor from this pin to the LED cathode. 
When peaking is not used, open circuit RPK. 



NAME 



FUNCTION 



Vcc Positive power supply. +5 volts. 

'off Connect a resistor from this pin to Vcc to 

increase the off current to the LED, i.e. 4.3 KQ 
for 1 mA. With this pin open, the default Ioff 
current is between 0.5-1 .0mA. 

VREF A constant 1 .2V reference output used to set 

up DRV. 

DRV A DC input that sets the positive swing on 

RTSET and the high level output current to 
the LED. 

PTAT Proportional to Absolute Temperature. A 1 .0V 

reference at 25°C that moves proportional to 
absolute temperature, also used to set up 
DRV. (See figure 1) 

TTL TTL data input. Can also be used as an enable 

during ECL operation. TTL = High (enabled), 
TTL = Low (disabled). 

ECLP Positive ECL data input controls signal to the 

LED. Tie to VBIAS during TTL only operation 
or use as an enable. 
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ML4632 

ABSOLUTE MAXIMUM RATINGS 

V cc -0.3V to 6V 

Input Pin Voltages -0.3V to V cc +0.3V 

LED Output Current 1 20mA 



PEAK DC Output Current 120mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) 260°C 



ELECTRICAL CHARACTERISTICS 

Over the recommended operating conditions of Ta = 0°C to 70°C, Vcc = 5V ±5%, unless otherwise 


specified. 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Ice 


Supply Current 


LED off 




25 


35 


mA 


VREF 


VREF Voltage 


No Load 


1.14 


1.20 


1.26 


V 


VpTAT 


PTAT Voltage 


No Load, T A = 25°C 
T A = 85°C 


0.9 
1.08 


1.0 
1.2 


1.1 
1.32 


V 
V 


Vos 


Driver Offset 


VDRV = 1 .2V, RTSET = 20ft 






50 


mV 


'ledh 
Iledl 


LED Current Accuracy 
High 
Low 


VDRV = VREF, RTSET = 20ft 
Ioff = open 


54 
0.5 


60 
0.7 


66 
1.0 


mA 
mA 


tR 


Rise Time 


VDRV = VREF, RTSET = 20ft 




4.5 




ns 


tF 


Fall Time 


VDRV = VREF, RTSET = 20ft 




4.5 




ns 


tPLH 
tpHL 


Propagation Delay 
Low to High 
High to Low 


VDRV = VREF, RTSET = 20ft 
TTL and ECL 




10.0 
10.0 




ns 
ns 


tpWD 


Pulse Width Distortion 


VDRV = VREF, RTSET = 20ft 




1.0 


2.0 


ns 


V PK 


Peaking Voltage 


R R PK = 20ft, C PK = 100pF, Rp EA K = 20ft 


1.08 


1.2 


1.32 


V 


VpKTR 


Peaking Rise Time 


Rrpk = 20ft, C PK = 1 0OpF, Rpeak = 20ft 




4.5 




ns 


VpKTF 


Peaking Fall Time 


R RPK = 20ft, C PK = 1 00pF, Rp EA |< = 20ft 




4.5 




ns 


Iecl 


ECL Input Current 








20 


uA 


Ittl 


TTL Input Current 








100 


uA 


Vdo 


Dropout Voltage between 
pin 5 and 3 




1.5 






V 


■off 


Additional LED Off Current 


Vcc = 5V, R IO ff = 4.3Kft 


0.8 


1.0 


1.2 


mA 


VBIAS 


ECL BIAS Voltage 


Vcc = 5V, T A = 25°C 




3.8 




V 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: Limits are guaranteed by 1 00% testing, sampling or correlation with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at T A . 
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FUNCTIONAL DESCRIPTION 

The ML4632 accepts ECL and TTL input signals and 
generates a high speed, high accuracy output current 
which is independent of supply voltage variations. The 
output current is programmable from 20mA to 1 00mA. 
A temperature coefficient can be programmed into the 
output current and a peaking circuit can be added with 
a few external components. 

The input of the LED driver accepts both ECL and TTL 
signals. The ECL input stage is a standard NPN differential 
pair with a common mode range of between 3V and 4.5V 
with a +5V supply. A bias voltage VBIAS is available for 
biasing either ECL input for single-ended operation. The 
TTL input has a standard switching range of between 0.8V 
and 2.0V. These inputs are ANDed so that the extra input 
can be used as an enable. 

Output current to the LED is set by connecting the 
appropriate resistance from RTSET to ground. With the 
VREF and DRV pins tied together, the high level output 
voltage at RTSET will be 1 .2V. The current through the 
LED. The output current with RTSET set to 20Q will be 

l LED (HIGH) = 1 .2V/R TS et = 1 .2V/20Q = 60mA. 

The low level output current is set internally by a resistor 
at approximately 0.7mA. This current prebiases the LED 
and results in faster optical rise times. The value of this 
current can be increased by connecting a resistor from the 
•off P' n to Vco The additional current will be equal to 
(V cc -0.7V)/R|off. 

The voltage input at the DRV pin appears across the 
RTSET pin when the LED is turned on. The current in 
RTSET is directed through the LED. Therefore the voltage 
set at DRV along with the RTSET resistor sets current 
through the LED. 

A temperature coefficient of between 0ppm/°C and 
3300ppm/°C can be programmed into the high level 
output current to compensate for the drop in LED optical 
output power at high temperatures. This is accomplished 
by driving the DRV pin from a resistor divider between the 
VREF and PTAT pins. 

When DRV is tied directly to PTAT, the peak voltage at 
RTSET will be 1 .0V at 25°C and have a 3300ppm/°C 
temperature coefficient. At 85°C, PTAT is 1 .2V and equal 
to VREF. An arbitrary temperature coefficient less than 
3300 ppm/°C can be set by using a resistor divider 
between PTAT and VREF to set the voltage at DRV, as 
shown in figure 1 . 









VREF 
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(10) 
PTAT 
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DRV 


REF 








PTAT. 
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Figure 1 . Current for Programming 
Output Temperature Coefficient 



In this configuration the temperature coefficient is 



TC ILED =(3300ppm/°C) 



R1 



R1 + R2 



, and 



1V + 



•led(high)-" 



0.2v(-^— 1 
RTSET 



The output current will be a linear function of temperature. 
A plot of Iled versus temperature for several values of the 
programming resistance, R1 and R2, in figure 2. 
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Figure 2. I LED vs T, R TSET = 20£2 
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The ML4632 output stage conducts full load current only 
when the LED is on, and even then power dissipation in 
the part is low because most of the +5V supply voltage is 
dropped across the LED and external resistor Rtset- Even 
with a low power design, the LED driver junction 
temperature will rise above ambient due to quiescent 
power dissipation and won't exactly match the LED 
junction temperature since it is also self-heating. 
Therefore, the effectiveness of a temperature compensated 
design will be related to component power dissipations, 
thermal conductance of the PC board and packaging, and 
the proximity of the LED driver to the LED. 

The ML4632 also provides for peaking of the LED output 
current. Peaking is used to counteract the effects of the 
LED junction capacitance. By creating a controlled 
overshoot and undershoot in the output current waveform, 
charge is transferred to and from the LED capacitance on 
the rising and falling edges of the output, speeding up rise 
and fall times. 

To provide peaking current, a second output stage is 
biased up with a resistor from RPK to ground and another 
from PEAK to Vcc- When these bias resistors are set equal 
to each other, a pulse will be generated across the Rpeak 
resistor with a magnitude equal to the voltage on the DVR 
pin. A coupling capacitor transfers the rising and falling 
edges of the output current waveform. 



A typical application is shown in figure 3. When the 
resistors Rrpk and Rpeak are both set to 20Q, a pulse will 
be generated at the PEAK pin of magnitude 1 .2V and 
equivalent resistance 20Q (assuming Vqrv ~ 1 -2V). 





PEAK 


< RPEAK 
^ 20Q 


CPEAK 
II 


y/ 


LED A 


PEAK 


K 


<RPK 
S20CI 


II 
100pF 


RTSET 
20Q 




<J)RIVER 


V^ 


RPK 


i 


RTSET ^^ 



Figure 3. Application of the Peaking Circuit 

The peaking current is coupled through the 1 0OpF 
capacitor, Cpeak> which will transfer 1 20pC of charge to 
and from the LED on each cycle of output current. The 
peaking circuit shown provides approximately a 70% 
overshoot current into a 0Q LED impedance. Peaking 
currents will be slightly lower for real LED's. 



Iqut - 



ECLN 

VBIAS 

LED 

GND 
20Q 
-• — \^N RTSET 

PEAK 



^r- lOOpF 



ECLP 
TTL 
PTAT 
DRV 
VREF 

•off 
Vcc 



Iout = 60mA 
Iqff = 0.7mA 



I 4.7fiF 



rz o.ihf 



Note: The LED, PEAK and Vcc traces should be very short and shielded with a 
GND plane to reduce ringing and overshoot at the LED. 



TTL Driven Implementation 
(No Temp. Comp) 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4632CP 
ML4632CS 


0°C to +70°C 
0°C to +70°C 


14-Pin Molded DIP (P1 4) 
16-Pin SOIC(S16W) 
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AUI Multiplexer 



GENERAL DESCRIPTION 

The ML4642 AUI Multiplexer contains all the necessary 
drivers/receivers and control logic to implement a 2 port 
MAU when used in conjuction with a transceiver chip 
which has a standard 802.3 AUI interface. In addition, the 
ML4642 is capable of operating in stand-alone mode 
where it interconnects two DTEs in the absence of a 
network MAU. Several ML4642s can be cascaded 
together to implement a 4 or 8 port MAU or stand-alone 
device. 

Logic within the ML4642 detects collisions resulting from 
multiple DTEs transmitting simultaneously. In addition, 
collision signals received from a transceiver attached at 
the MAU port are propagated to both of the DTE ports. 
Jabbering DTEs are prevented from loading down the 
network by internal jabber timers which disable babbling 
ports. 



Squelch circuitry on port receivers prevent noise on the 
cables from being erroneously interpreted as valid data. 
Transmit, receive, collision, and jabber LED drivers 
indicate network activity and faults. The ML4642 is 
available in a 28 pin SSOP package. 

FEATURES 

■ IEEE 802.3 compliant AUI interfaces assure 
compatibility with any AUI ready devices. 

■ No crystal or clock input. 

■ On-chip Jabber logic, Collision Detection, and SQE 
test with enable/disable option. 

■ Selectable Loopback, Jabber, and SQE Test allows 
cascading of multiple chips to increase DTE port 
fan-out. 

■ Six network status LED outputs. 

■ 28 pin SSOP packaging 

■ Semi-standard options available 



BLOCK DIAGRAM 



v C c 



TXIN1P 
TXIN1N 

RXOUT1P 
RXOUT1N 

CDOUT1P 
CDOUT1N 



TXIN2P 
TXIN2N 
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RXOUT2N 



CDOUT2P 
CDOUT2N 



jL_L 



MAU 

AUI 

INTERFACE 



CONTROL 
LOGIC 



MAU 

AUI 

INTERFACE 



JABBER 

13= 



DTE 

AUI 

INTERFACE 



SQE SOURCE 



JAB2 



RXLED/LPBK/SQE 



TXOUTP 
TXOUTN 



RXINP 
RXINN 



CDINP 
CDINN 



JAB1/JDIS 
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PIN CONNECTIONS 



ML4642 
28-PIN SSOP (R28) 



RXLED/LPBK/SQE |~T~ 

rxinp r~r~ 

RXiNN | T~ 

JABT/JDiS n~ 

RRSET fT" 

VccDE 

TXOUTP | f~ 
TXOUTN |~T~ 



TXLED2 
TXIN2P 

TX1N2N 
TXIN1P | T~ 
TXIN1N | T~ 




TOP VIEW 
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PIN DESCRIPTION 



PIN NO. NAME 



FUNCTION 



DESCRIPTION 



RXLED/LPBK/SQE I/O 



2 


RXINP 


Input 


3 


RXINN 


Onput 


4 


JAB1/JDIS 


I/O 


5 


RRSET 


Input 


6 


Vcc 


Power 


7 


TXOUTP 


Output 


8 


TXOUTN 


Output 


9 


TXLED1 


Output 


10 


TXLED2 


Output 


11 


TXIN2P 


Input 


12 


TXIN2N 


Input 


13 


TXIN1P 


Input 


14 


TXIN1N 


Input 


15 


Vcc 


Power 


16 


CDOUT2N 


Output 


17 


CDOUT2P 


Output 


18 


CDLED 


Output 


19 


CDINN 


Input 


20 


CDINP 


Input 


21 


JAB2 


Output 


22 


CDOUT1 P 


Output 


23 


CDOUT1 N 


Output 


24 


GND 


Ground 


25 


RXOUT2P 


Output 


26 


RXOUT2N 


Output 


27 


RXOUT1 N 


Output 


28 


RXOUT1P 


Output 



Active low receive LED driver for MAU port. If tied to ground, this pin 
enables internal loopback of the active TXIN pair to the RXOUT pairs 
and enables SQE test. If tied to 0.6 volts internal loopback is enable but 
SQE test is disabled. SQE and loopback are disabled when this pin is 
pulled high. 

Receive signal pair for MAU port. 

Receive signal pair for MAU port. 

Active low jabber LED driver for DTE port 1 . If tied to ground, the jabber 
function is disabled at TXIN1 and TXIN2. 

Bias setting external resistor, 61 .9KQ. 

+5 volt power supply 

Transmit signal pair for MAU port. 

Transmit signal pair for MAU port. 

Open collector, active low transmit LED driver for DTE AUI port 1 . 

Open collector, active low transmit LED driver for DTE AUI port 2. 

Transmit signal pair for DTE port 2. 

Transmit signal pair for DTE port 2. 

Transmit signal pair for DTE port 1 . 

Transmit signal pair for DTE port 1 . 

+5 volt power supply 

Collision signal pair for DTE port 2. 

Collision signal pair for DTE port 2. 

Open collector, active low collision LED driver. 

Collision signal pair for MAU port. 

Collision signal pair for MAU port. 

Open collector, active low jabber LED driver for DTE port 2. 

Collision signal pair for DTE port 1 . 

Collision signal pair for DTE port 1 . 

GND. 

Receive signal pair for DTE port 2. 

Receive signal pair for DTE port 2. 

Receive signal pair for DTE port 1 . 

Receive signal pair for DTE port 1 . 
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OPERATING CONDITIONS (Note 2) 

Supply Voltage (V cc ) 5V± 10% 

LED on Current 1 0mA 

RRSET 61.9KQ± 1% 



ABSOLUTE MAXIMUM RATINGS (Note d 

Power Supply Voltag e Range Vcc -0.3 to +6.0V 

In put Current RRSET , JAB1/JABD, JAB2 , CDLED, 

RxLED/LPBK/SQE, TxLEDI , TxLED2 60mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering 10 seconds) 260°C 



ML4642 ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A = 0°C to 70°C (Note 3), V C c = 5V ± 1 0%. 



PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


Power Supply Current Ice 
(Note 4) 


V CC =5V 




60 


120 


mA 










0.8 




LED Drivers: 
Vol 


R L =51 0Q for CDLED, TXLED1 ,2, JAB2 
R L =270QforJAB1/JDIS, 
RxLED/LPBK/SQE (Note 5) 


V 


Transmit Squelch Voltage Level 

(Tx+, Tx-) 




-300 


-250 


-200 


mV 


Differential Output Voltage 




±550 




±1200 


mV 


Common Mode Output Voltage 






4.0 




V 


Differential Output Voltage Imbalance 






2 


±40 


mV 




SQE Enabled/Loopback Enabled 
SQE Disabled/Loopback Enabled 


0.4 


0.6 


0.3 
0.8 




RxLED/LPBK/SQE 


V 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: Limits are guaranteed by 100% testing , sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at T A . 

Note 4: This does not include the current from the AUI pull down resistors or the LED output pins 
Note 5: LED drivers can sink up to 20mA, but Vql will be higher 
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ML4642 ELECTRICAL CHARACTERISTICS (Continued) 

AC ELECTRICAL CHARACTERISTICS 


SYMBOLS 


PARAMETER 


MIN 


TYP. 


MAX 


UNITS 


TRANSMIT 










tTXNPW 


Transmit Turn-On Pulse Width 




20 




ns 


*TXFPW 


Transmit Turn-Off Pulse Width 




180 




ns 


txODY 


Transmitter Turn-On Delay 




30 




ns 


*TXLP 


Transmit Loopback Startup Delay 




40 




ns 


tTXSDY 


Transmit Steady State Prop. Delay 




15 




ns 


*TXJ 


Transmitter Jitter 




1 




ns 


RECEIVE 










tRXODY 


Receive Turn-On Delay 




20 




ns 


tRXSDY 


Receive Steady State Prop. Delay 




15 




ns 


tRXJ 


Receiver Jitter 




1 




ns 


*AR 


Differential Output Rise Time 
20% to 80% (Rx+/-, COL+/-) 




3 




ns 


tAF 


Differential Output Fall Time 
20% to 80% (Rx+/~ COL+/-) 




3 




ns 


COLLISION 










tCPSQE 


Collision Present to SQE Assert 







200 


ns 


tSQEXR 


Time for SQE to Deactivate after a collision 


100 




900 


ns 


tCLF 


Collision Frequency 


8.5 


10 


11.5 


MHz 


tCLPDC 


Collision Pulse Duty Cycle 


40 


50 


60 


% 


tSQEDY 


SQE Test Delay (Tx Inactive to SQE) 


0.6 


1.1 


1.6 


us 


tSQETD 


SQE Test Duration 


0.5 


1.0 


1.5 


|IS 


tSQEB 


SQE Blank Period 


4 




7 


(isec 


JABBER, LINK TEST AND LED TIMING 










tjAD 


Jabber Activation Delay 


7 


13.5 


20 


ms 


tjRT 


Jabber Reset Unjab Time 


250 


450 


750 


ms 


tjSQE 


Delay from Outputs Disabled to 
Collision Oscillator On 




100 




ns 






20 


50 


300 




t|_EDT 


CDLED, RxLED, TxLEDI, TxLED2 On Time 


ms 
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TIMING DIAGRAMS 



TXINP 

TXINN 



TXOUTP 
TXOUTN " 



RXOUT1, 2, P 
RXOUT1,2,N " 



<DeeCX3 



-*-tTXLP-»" 



"*- tTXFPW-*-| 



0©©CXX 



Figure 1 . Transmit and Loopback Timing 
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Figure 2. Receive Timing 
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TIMING DIAGRAMS (Continued) 



TXIN2P 
TXIN2N 

TXIN1P 


zxz 


X VALID X DATA X 


X 


X 






f Y VALID Y — V 


X 


X 




TXIN1N 
CDOUT1, 2, P 




^ A VAL,D A 

•* — tCPSQE — *" 

/ \f 








cso X 


X 


X 




CDOUT1, 2, N 




•* tTX2, TX 


\ A 

i +• 

/tXIN2 ) 




TXOUTN 


TXIN2 Y TXIN2 } 


( TX.N, X 


TXIN1 X 


TXIN1 






^X_ 


X VALID X DATA X 


X 


X 


X 


TXIN1N 




TXIN2P 


f \/ \J \/ 


X 


X 


X 


TXIN2N 




\ A w 

-* — tCPSQE — *■ 


luu A 

/ — Y 






- \/ 


X 


X 


~x 


CDOUT1, 2, N 






\ A wu A 



Figure 3. Collision Timing 
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: igure 4. Collision Timing 
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ML4642 
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TXIN1N 
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Figure 5. Collision Timing 
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Figure 6. SQE Timing 
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TIMING DIAGRAMS (Continued) 
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Figure 7. Jabber Timing 
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Figure 8. LED Timing 
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FUNCTIONAL DESCRIPTION 

Figure 9 is a block diagram of a Two Port Multiplexer 
using the ML4642 chip. All AUI interfaces are shown AC 
coupled as they would be in an AUI multiplexer which 
does not include the MAU circuitry on the same board. 

TRANSMISSION 

The transmit function consists of detecting data on either 
of the TXIN differential receivers (TXIN1 or TXIN2) and 
transmitting this data out the TXOUT differential driver at 
the MAU port as well as both RXOUT1 and RXOUT2 
drivers of the DTE ports. (Note: the looping back of data 
received at a TXIN pair to the RXOUT pairs is discussed in 
the Loopback section.) 

Before data will be transmitted to the TXOUT and RXOUT 
pins from the TXIN pins it must meet the unsquelch 
requirements of the TXIN receiver circuitry. The squelch 
circuitry prevents any noise on the TXIN wires from being 



misinterpreted as data and transmitted to the TXOUT and 
RXOUT pins. The squelch circuit rejects signals with pulse 
widths less than typically 20ns and voltage levels more 
positive than -250mV. Once the TXIN receiver is 
unsquelched it remains so until reception of the input idle 
signal, which is detected when the TXIN signal is more 
positive than -1 70mV for longer than 1 80ns. 

RECEPTION 

The receive function consists of detecting data at the RXIN 
differential receiver of the MAU port transmitting this data 
to both DTE port RXOUT pairs. 

Before data will be transmitted to the RXOUT pins of the 
DTE ports it must meet the unsquelch requirements for the 
RXIN receiver circuitry. The squelch circuitry at the RXIN 
differential receiver input performs the same function as 
that of the TXIN squelch circuitry using the same noise 
rejection criteria. 
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Switch Option 

1. Receive LED with Internal/External MAU 

2. NoMAU/NoSQE 

3. No MAU with SQE 
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►8.06KQ 6 

+5V 



Figure 9. Two Port AUI Multiplexer 
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COLLISION 

There are two conditions that constitute a collision from 
the point of view of the ML4642: 

a) If data is received at the TXIN inputs of both DTE ports 
simultaneously a local collision occurs within the 
ML4642. 

b) If the CDIN input is active at any time other than the 
inter-packet gap window allowed for the SQE Test 
function described below. 

In either of the above circumstances it is necessary for the 
ML4642 to drive the CDOUT pairs on both DTE ports 
with the collision signal. The collision signal consists of a 
1 MHz +/- 1 5% square wave matching the AIM 
specifications and capable of driving a 78Q load. The 
collision signal shall turn on within 2 bit times of the 
origination of the collision condition and shall turn off 
within 2-5 bit times after the collision condition subsides. 

During a collision condition there are two sources for data 
to be transmitted to TXOUT, TXIN1 and TXIN2. The 
highest priority source for data to be transmitted to 
TXOUT is the TXIN 1 receiver. 

For example if TXIN2 begins transmission then TXIN1 
turns on, the collision oscillator will turn on and TXOUT 
will switch from TXIN2 to TXIN1 . If the collision ends by 
TXIN1 turning off first, TXOUT will switch from TXIN1 to 
TXIN2, and 2-5 bit times later the collision oscillator will 
turn off. 

The MAU port's CDIN receiver contains squelch circuitry 
to prevent noise from causing the erroneous detection of a 
collision signal. A signal on the CDIN pair will not be 
considered active until it exceeds the same squelch 
requirements as those of the TXIN receivers. 

LOOPBACK 

The loopback function allows the ML4642 to emulate a 
coaxial transceiver by propagating the TXIN data back out 
the RXOUT pair of the same DTE port that is sourcing the 
data as well as the RXOUT pair of the idle DTE port. This 
allows the Ethernet controller sending the data to monitor 
its transmit packets and detect network faults. 

The loopba ck function is enabled at both DTE ports when 
the RXLED pin is tied to ground, or 0.6 volts. 

SQE TEST FUNCTION 

The Signal Quality Error (SQE) Test function allows the 
DTE to determine whether or not the collision detection 
circuitry is functional. After each transmission, during the 
inter-packet gap time, the collision signal will be activated 
on the CDOUT pair of the same port as the TXIN pair 
which received the packet, for typically 1 \is. The SQE 
function will not be activated on DTE ports of the ML4642 
which are in the Jabber state. The SQE function is enabled 
on both DTE ports when the RXLED/LPBK/SQE pin is 
grounded. 



JABBER 

The jabber function prevents a babbling transmitter from 
loading down the network. Within the ML4642 is a jabber 
timer on each TXIN receiver. Each timer starts at the 
beginning of a received packet and resets at the end of 
each packet. If a packet lasts longer than 7 to 20ms the 
jabber logic disables its corresponding TXIN receiver (thus 
preventing its data from being retransmitted) and 
generates a collision signal on the babbling port's CDOUT 
pair. When the TXIN pair finally goes idle, a second timer 
measures 0.5 seconds of idle on TXIN prior to re-enabling 
the receiver and turning off the collision signal. If the 
TXIN pair becomes active again before the 0.5 seconds 
has expired, the timer is reset and measures another 0.5 
seconds of idle time. 

The jabber function can be disabled on both ports by 
tying the JAB1/JABD pin to ground. 

LED DRIVERS 

The ML4642 has six LED driver pins. Each DTE port has a 
transmit LED and a jabber LED and the MAU port has a 
receive LED. Additionally, there is a collision LED which 
indicates the presence of a collision condition. All LED 
drivers are active low 10mA current sources. 



The TXLED, RXLED, and CDLED outputs have 50ms pulse 
stretc hers on them to enable the LEDs to be visible. The 
JLED outputs do not have pulse stretchers on them 
because their conditions occur long enough for the LEDs 
to be visible. 

Two of the ML4642 LED output s ser ve as conf iguration 
pins as well. RXLED/LPBK/SQE and JAB1/JDIS may be tied 
through a resistor to V cc , tied thr ough a resistor and a LED 
to V cc or grounded. Additionally RXLED/LPBK/SQE may 
be tied to a specific voltage. When these pins are 
grounded or tied to a 0.6 Volts they become configuration 
inputs. Otherwise when tied high they become status 
outputs. 

CASCADING THE ML4642 FOR 4 AND 8 PORT 
DESIGNS 

The configurability of such functions as loopback, jabber, 
and SQE allows ease of cascading multiple ML4642 chips 
for larger fan-out designs. Figure 10 shows a four port AUI 
Multiplexer design. For a type configuration both jabber 
and transm it LEDs are availab le on a per port basis for 
status. The RXLED/LP BK/SQE p ins are tied through a 
resistor to 5 volts, and CDLED is wire OR'ED with the 
other chip for one collision detect status LED per system. 
There is also only one receive LED status output which is 
displayed in a type 2 configuration. This particular pin in 
a type 2 configuration offers three options. In option 1, 
when tied to +5 volts through a resistor and an LED, an 
internal or external MAU will be connected. For stand- 
alone operation without an internal or external MAU a 
loopback is required. Option 2 allows loopback with no 
SQE test while option 3 provides loopback with an SQE 
test. 
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TypeO 




Switch Options 

1 Receive LED with Internal/External MAU 

2 NoMAU/NoSQE 
3. No MAU with SQE 



Figure 10. Four Port AUI Multiplexer 
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An eight port design is accomplished in the same way as 
shown in the block diagram in Figure 11 . In an eight port 
design Type and Type 2 configuration remain the same 
as in a four port design . Type 1 ho wever only differs from 
Type 2 by tying RXLED/LPBK/SQE through a resistor to +5 
volts. Table 1 summerizes all of the different LED 
configurations. 



SQE TEST WHEN CASCADING 

As mentioned before, after each transmission during the 
interpacket gap time the collision signal will be activated 
on the CDOUT pair of the same port as the TXIN pair 
which received the packet. When cascading ML4642s to 
implement 4 or 8 port designs, the path is remembered 
and followed to acheive this function. The paths that did 
not carry the transmit data blocks CDOUT for 4-7 usee 
after transmission to guarantee that only the port that 
transmitted will see SQE test. 



TABLE 1. LED Configurations for 2, 4, and 8 Port Designs 





JAB1/JABD 


RXLED/LPBK/SQE 


JAB2 


CDLED 


TXLED1 


TXLED2 


Two Port AU I Mux 


LED 


GND, 0.6V, LED 


LED 


LED 


LED 


LED 


TypeO 


LED 


270Q to +5V 


LED 


WIRE'ORED 


LED 


LED 


Type 1 


GND 


270Q to +5V 


NC 


NC 


NC 


NC 


Type 2 


GND 


GND, 0.6V, LED 


NC 


NC 


NC 


NC 




Figure 11. Eight Port AUI Multiplexer 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4642CR 


0°C to 70°C 


28-Pin SSOP (R28) 
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4 Port AUI Multiplexer 



GENERAL DESCRIPTION 

The ML4644 AUI Multiplexer contains all the necessary 
drivers/receivers and control logic to implement a 4 port 
MAU when used in conjuction with a transceiver chip 
which has a standard 802.3 AUI interface. Two ML4644s 
together with a ML4642 can be used to implement an 8 
port MAU. 

Logic within the ML4644 detects collisions resulting from 
multiple DTEs transmitting simultaneously. In addition, 
collision signals received from a transceiver attached at 
the MAU port are propagated to all of the DTE ports. 
Jabbering DTEs are prevented from loading down the 
network by an internal jabber timer which disables 
babbling ports. 

Squelch circuitry on port receivers prevent noise on the 
cables from being erroneously interpreted as valid data. 



Transmit, receive, collision, and jabber LED drivers 
indicate network activity and faults. The ML4644 is 
available in a 68 pin PLCC package. 

FEATURES 

■ IEEE 802.3 compliant AUI interfaces assure 
compatibility with any AUI ready devices. 

■ On-chip Jabber logic, Collision Detection, 
and SQE test with enable/disable option. 

■ Selectable SQE Test 

■ Ten network status LED outputs. 

■ 68 pin PLCC packaging 

■ Semi-standard options available 



BLOCK DIAGRAM 



TxININ ■ 

TxINIP 

RxOUTIN 

RxOUTIP 

CDOUT1N 

CDOUT1P 

SQEN1 

TxlN2N ■ 

TxlN2P 

RxOUT2N 

RxOUT2P 

CDOUT2N 

CDOUT2P 



SQEN2 

TxlN3N 

TxlN3P 

RxOUT3N 

RxOUT3P 

CDOUT3N 

CDOUT3P 

SQEN3 

TxlN4N 

TxlN4P 

RxOUT4N 

RxOUT4P 

CDOUT4N 

CDOUT4P 

SQEN4 







TxOUTP 

TxOUTN 

RxINP 

RxINN 

CDINP 

CDINN 



MAU 

AUI 

INTERFACE 
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U 
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PIN CONNECTIONS 





Z a. Z 0. 

MM CN N 

z ooioo 5S 

^ 3 ^ 8 8 8 8 S ^ S5 ^ 8 ^ 






wmmmPimmramHRHHHHHH 




TxlN2N [To 




6<j] CDINN 


TxlN3P [TF 




59] CDOUT4N 


TxlN3N [t2 




58] CDOUT4P 


NC QJ 




W\ NC 


TxOUTN [u 




56] TxINIP 


TxOUTP [if 




|U TxININ 


RESERVED [16 




54] CDOUT1N 


RRSET jTF 




53] CDOUT1P 


NC [18 


ML4644 


52] GND 


JAB2 Q? 




fT] Txi 


RxOUTIP [20 




50] Tx2 


RxOUTIN (|T 




49] Tx3 


REC [22 




48] Tx4 


RxOUT2P (23 




47] TxlN4P 


RxOUT2N [24 




46] TxIN4N 


VCC (25 




«j JAB1 


VCC [26 




44] SQEN4 




|27J [28J [2«J [30] l3lj l^t^J [33j [34j |35| |3&| [37J J38j |3»j |f^9J |4lJ [42J J43J 






NC 

NC 

RxINP 

RxINN 

SQEN2 

SQEN3 

RxOUT3P 

RxOUT3N 

NC 

RxOUT4P 

RxOUT4N 

NC 

JAB3 

NC 

JAB4 

NC 

NC 





PIN DESCRIPTION 



PIN# 


NAME 


FUNC. 


DESCRIPTION 


PIN# 


NAME 


FUNC. 


DESCRIPTION 


1 


CDOUT2P 


Output 


Collision signal pair for 
DTE port 2. 


12 


TxIN3N 


Input 


Transmit signal pair for 
DTE port 3. 


2 


CDOUT2N 


Output 


Collision signal pair for 


13 


NC 




No connection. 








DTE port 2. 


14 


TxOUTN 


Output 


Transmit signal pair for 


3 


COLL 


Output 


Open collector LED 








MAU port. 








driver for collision. 


15 


TxOUTP 


Output 


Transmit signal pair for 


4 


CDOUT3P 


Output 


Collision signal pair for 








MAU port. 








DTE port 3. 


16 


Reserved 




This pin should be tied 


5 


CDOUT3N 


Output 


Collision signal pair for 








to VCC. 








DTE port 3. 


17 


RRSET 


Input 


Bias setting external 


6 


NC 




No connection. 








resistor, 61 .9KQ, 
connected to VCC 


7 


TxlN2P 


Input 


Transmit signal pair for 
















DTE port 2. 


18 


NC 




No connection. 


8 


NC 




No connection. 


19 


JAB2 


Output 


Open collector jabber 


9 


NC 




No connection. 








LED driver for Jabber of 
DTE port 2. 


10 


TxlN2N 


Input 


Transmit signal pair for 
DTE port 2. 


20 


RxOUTI P 


Output 


Receive signal pair for 
DTE port 1 . 


11 


TxIN3P 


Input 


Transmit signal pair for 
DTE port 3. 


21 


RxOUTI N 


Output 


Receive signal pair for 
DTE port 1 . 
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PIN DESCRIPTION (continued) 


PIN# 


NAME 


FUNC 


DESCRIPTION 


PIN# 


NAME 


FUNC. 


DESCRIPTION 


22 


REC 


Output 


Open collector LED 
driver for receive 


46 


TxlN4N 


Input 


Transmit signal pair for 
DTE port 4. 


23 


RxOUT2P 


Output 


Receive signal pair for 
DTE port 2. 


47 


TxlN4P 


Input 


Transmit signal pair for 
DTE port 4. 


24 

25 
26 


RxOUT2N 

VCC 
VCC 


Output 

Power 
Power 


Receive signal pair for 
DTE port 2. 

+5V power supply. 

+5V power supply. 


48 
49 


Tx4 
Tx3 


Output 
Output 


Open collector transmit 
LED driver for Jabber of 
DTE port 4. 

Open collector transmit 
LED driver for Jabber of 


27 


NC 




No connection. 








DTE port 3. 


28 
29 

30 


NC 
RxINP 

RxINN 


Input 
Input 


No connection. 

Receive signal pair for 
MAU port. 

Receive signal pair for 
MAU port. 


50 
51 


Tx2 
Txl 


Output 
Output 


Open collector transmit 
LED driver for Jabber of 
DTE port 2. 

Open collector transmit 
LED driver for Jabber of 
DTE port 1 . 


31 
32 


SQEN2 
SQEN3 


Input 
Input 


Active High. This pin is 
used to enable the SQE 
function of DTE port 2. 

Active High. This pin is 
used to enable the SQE 
function of DTE port 3. 


52 
53 

54 


GND 
CDOUT1 P 

CDOUT1 N 


Ground 
Output 

Output 


Ground. 

Collision signal pair for 
DTE port 1 . 

Collision signal pair for 
DTE port 1 . 


33 


RxOUT3P 


Output 


Receive signal pair for 
DTE port 3. 


55 


TxININ 


Input 


Transmit signal pair for 
DTE port 1 . 


34 


RxOUT3N 


Output 


Receive signal pair for 
DTE port 3. 


56 


TxINIP 


Input 


Transmit signal pair for 
DTE port 1 . 


35 


NC 




No connection. 


57 


NC 




No connection. 


36 


RxOUT4P 


Output 


Receive signal pair for 
DTE port 4. 


58 


CDOUT4P 


Output 


Collision signal pair for 
DTE port 4. 


37 


RxOUT4N 


Output 


Receive signal pair for 
DTE port 4. 


59 


CDOUT4N 


Output 


Collision signal pair for 
DTE port 4. 


38 


NC 




No connection. 


60 


CDINN 


Input 


Collision signal pair for 


39 


JAB3 


Output 


Open collector jabber 
LED driver for Jabber of 
DTE port 3. 


61 
62 


NC 
NC 




MAU port. 
No connection. 
No connection. 


40 


NC 




No connection. 


63 


CDINP 


Input 


Collision signal pair for 


41 
42 


JAB4 

NC 


Output 


Open collector jabber 
LED driver for Jabber of 
DTE port 4. 

No connection. 


64 


SQEN1 


Input 


MAU port. 

Active High. This pin is 
used to enable the SQE 
function of DTE port 1 . 


43 


NC 




No connection. 


65 


NC 




No connection. 


44 


SQEN4 


Input 


Active High. This pin is 
used to enable the SQE 
function of DTE port 4. 


66 


X1 


Input 


1 0MHz Crystal input pin. 
This pin can also be used as 
a 1 0MHz clock input pin. 


45 


JAB1 


Output 


Open collector jabber 
LED driver for Jabber of 
DTE port 1 . 


67 
68 


X2 

NC 


Input 


1 MHz Crystal input pin. 
No connection. 
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ABSOLUTE MAXIMUM RATINGS (Note d 

Power Supply Voltage Range Vcc -0.3 to +6.0V 

Input Current RRSET, All LED Driver Pins 60mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering 10 seconds) 260°C 



OPERATING CONDITIONS (Note 2) 

Supply Voltage (V CC ) 5V ± 10% 

RRSET 61 .9KQ ± 1 % 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified T A = 0°C to 70°C (Note 3), V cc = 5V ± 1 0%. 



PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


Power Supply Current Ice (Note 4) 


V C c = 5V 


50 


150 


190 


mA 


LED Drivers: V |_ 


R L =510Q(Note5) 






0.8 


V 


Transmit Squelch Voltage Level (Tx+, Tx-) 




-300 


-250 


-200 


mV 


Differential Output Voltage 




±550 




±1200 


mV 


Common Mode Output Voltage 






4.0 




V 


Differential Output Voltage Imbalance 






2 


±40 


mV 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: Limits are guaranteed by 1 00% testing , sampling, or correlation with worst-case test conditions. 
Note 3: Low Duty cycle pulse testing is performed at T A . 

Note 4: This does not include the current from the AUI pull down resistors or the LED output pins. 
Note 5: LED drivers can sink up to 20mA, but Vql will be higher. 
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ELECTRICAL CHARACTERISTICS (Continued) 

AC ELECTRICAL CHARACTERISTICS 


SYMBOLS 


PARAMETER 


MIN 


TYP. 


MAX 


UNITS 


TRANSMIT 


*TXNPW 


Transmit Turn-On Pulse Width 




20 




ns 


tTXFPW 


Transmit Turn-Off Pulse Width 




180 




ns 


txODY 


Transmitter Turn-On Delay 




50 




ns 


tTXSDY 


Transmit Steady State Prop. Delay 




15 




ns 


RECEIVE 


tRXODY 


Receive Turn-On Delay 




20 




ns 


tRXSDY 


Receive Steady State Prop. Delay 




15 




ns 


*AR 


Differential Output Rise Time 
20% to 80% (Rx±, COL±) 




3 




ns 


tAF 


Differential Output Fall Time 
20% to 80% (Rx±, COL±) 




3 




ns 


COLLISION 


tCPSQE 


Collision Present to SQE Assert 







200 


ns 


tSQEXR 


Time for SQE to Deactivate after a collision 







500 


ns 


FCLF 


Collision Frequency 


XTAL Controlled 


8.5 


10 


11.5 


MHz 




Collision Pulse Duty Cycle 


XTAL Controlled 


40 


50 


60 


% 


tSQEDY 


SQE Test Delay (Tx Inactive to SQE) 


0.6 


1.1 


1.6 


Us 


tSQETD 


SQE Test Duration 


0.5 


1.0 


1.5 


\iS 


JABBER, LINK TEST AND LED TIMING 


tjAD 


Jabber Activation Delay 


7 


13.5 


20 


ms 


tjSQE 


Delay from Outputs Disabled to 
Collision Oscillator On 




100 




ns 


*LEDT 


REC, COLL, Tx1 , Tx2, Tx3, Tx4 On Time 


0.3 


1.0 


3.0 


ms 
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TIMING DIAGRAMS 



TxINP 

TxINN 

TxOUTP 
TxOUTN 
RxOUTP 



oepcxx 



- tTxNPW 



•*-tTxODY-*- 



"•- tTxFPW -*"| 

Xx: 




Figure 3. Transmit Timing 



RxINP 
RxINN 



RxOUTI, 2, P 
RxOUTI, 2, N 



<p«SCXX 



tRxSDY 



Figure 4. Receive Timing 
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CJC^JC^DCZDCI^Q 
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Figure 5. Collision Timing 
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Figure 6. Collision Timing 
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Figure 7. SQE Timing 
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Figure 8. Jabber Timing 
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Figure 9. LED Timing 



%,Micro 



4-65 



ML4644 

FUNCTIONAL DESCRIPTION 

Figure 1 is a block diagram of a Four Port Multiplexer 
using the ML4644. All AUI interfaces are transformer 
coupled as required in an AUI connection. 

RECEPTION 

The receive function consists of detecting data on receive 
differential data input pair of the MAU port (RxIN) and 
transmitting this data out of the RxOUT ports of all the 
DTE port. This data will only be passed onto the DTE port 
if it meets the unsquelch criteria of the AUI receiver 
circuit. This provision prevents any noise on the AUI cable 
from being misinterpreted as data and transmitted to the 
RxOUT pins. 

The receiver squelch circuit rejects signal typically with 
pulse width less than 20ns or a voltage level more positive 
than -250mV. Once the receiver is unsquelched, it 
remains so until reception of the idle signal which is more 
positive than -1 70mV for longer than 1 80ns. 

TRANSMISSION 

The transmit function consists of detecting data on any of 
the four differential data input pairs (TxlN1 , TxlN2, TxlN3, 
and TxlN4) and transmitting this data out of the TxOUT 
pair of the MAU port. The loopback function of the MAU 
will loop the data back to the RxOUT port. The RxOUT 
port will treat the data as a received data and passes it on 
to all the DTE ports. 

Only data that meets the unsquelch criteria of the AUI 
receiver circuit will be passed onto the TxOUT port. 

COLLISION 

There are two possible collision scenarios. 

1 . Collision from the network connected to the MAU. 

2. Collision between two or more DTEs attached to the 
multiplexer. 

In the case of a network collision, the MAU will send a 
collision presence signal to the multiplexer. The ML4644 
will propagate this signal to the CDOUT pins of each of 
the DTE ports. The collision signal is a 10MHz ±0.01% 
signal. 

When a collision event occurs between two or more DTE 
ports, the ML4644 will send the collision presence signal 
to each of the DTEs via the collision ports. At the same 
time a 5MHz JAM signal is sent to the network. 



SQE TEST FUNCTION 

The Signal Quality Error (SQE) test function allows the 
DTE to determine whether or not the collision port is 
functional. After each transmission, during the interpacket 
gap time, the collision signal will be activated on the 
CDOUT port of the same DTE port data has been 
transmitted, for typically 1 lis. The SQE function is not 
activated at the DTE ports that are in jabber state. The SQE 
function of each port can be disabled by tying the SQEN 
pin low. 

JABBER FUNCTION 

The jabber function prevents a malfunction transmitter 
from continuous transmission and thus loaded down the 
network. Within the ML4644, there is a jabber timer. The 
timer starts at the beginning of a received packet and 
resets at the end of each packet. If the packet lasts longer 
than 7 to 20ms the jabber circuit will disable the 
offending TxIN receiver (the transmission of excessively 
long packet is thus terminated) and generates a collision 
signal to the collision port of the offending DTE port. The 
DTE port will exit the jabber state when the transmission 
goes idle. 

LED DRIVERS 

The ML4644 has ten LED drivers. Each DTE port has a 
transmit LED and a jabber LED and the MAU port has a 
receive LED. Additionally there is a collision LED which 
indicates the presence of a collision condition. All LED 
drivers are active low open collector driver. 

All LED drivers except the jabber have pulse 1 ms pulse 
stretchers. The pulse stretchers provide adequate on time 
for the LED to be visible. 

CASCADING THE ML4644 FOR EIGHT PORT 
MULTIPLEXER APPLICATION 

An 8 port multiplexer can be realized by using two 
ML4644s and one ML4642. In this configuration (see fig. 
2), the SQE function of the ML4642 should be disabled to 
prevent false collision signalling. The SQE function in this 
configuration is performed by each DTE port of the 
ML4644 independently. 





ML4644 


















ML4642 












ML4644 



















Figure 2. Block Diagram of an Eight port Multiplexer. 
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Figure 1. Four Port AUI Multiplexer. 
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ORDERING INFORMATION 


PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4644CQ 


0°C to 70°C 


68-Pin PLCC (Q68) 
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10BASE-T Transceiver 



GENERAL DESCRIPTION 

The ML4652/ML4658 1 0BASE-T Transceivers are single 
chip cable line driver/receivers that provides all of the 
functionality required to implement both an internal and 
external IEEE 802.3 10BASE-T MAU. These parts offer a 
standard IEEE 802.3 AU interface that allows them to 
directly connect to industry standard manchester 
encoder/decoder chips or an AUI cable. 

These parts require a minimal number of external 
components, and are compliant to the IEEE 802.3 
10BASE-T standard. The differential current driven 
transmitter offers superior performance because of its 
highly symetrical switching. This results in low RFI noise 
and low jitter. 

The Transceiver easily interfaces to 100H unshielded 
twisted pair cable, 1 50£2 shielded twisted pair cable, or a 
range of other characteristic impedances by simply 
changing one external resistor. Jabber, Link Test, and SQE 
Test are fully integrated onto the chip with enable/disable 
options. A polarity detection status pin, which can drive 
an LED, is provided for receive data, and the ML4658 
offers automatic polarity correction. 

The ML4652 and ML4658 are available in 24 pin skinny 
DIP as well as a 28 pin PLCC. 



FEATURES 

■ Complete implementation of IEEE 802.3 10BASE-T 
Medium Attachment Unit (MAU) 

■ Incorporates an AU interface for use in an external 
MAU or internal MAU 

■ Single +5 volt supply ±1 0% 

■ No crystal or clock input 

■ Current Driven Output for low RFI noise and low jitter 

■ Capable of driving 1 00Q unshielded twisted pair cable 
or 1 50Q shielded twisted pair cable 

■ Polarity detect status pin capable of driving an LED 

■ Automatic Polarity Correction on the ML4658 

■ On-chip Jabber logic, Link Test, and SQE test with 
enable/disable option 

■ ML4652 and ML4658 provide six network status LED 
ouput pins 

■ ML4652 and ML4658 are available in a 24-pin skinny 
DIP or 28-pin PLCC 

■ Semi-standard option using Micro Linear's FB3651 LAN 
Transceiver Tile Array 
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PIN CONFIGURATION 

ML4652/ML4658 
24-Pin DIP 




ML4652/ML4658 
g 28-Pin PCC 



z j, i IZ M £ 

n r~i f~i n i~ i r~i rn 



NC[ 5 

Rx+ £ 6 

Rx-[ 7 

VccC 8 

VccC 9 

Tx+ £ 10 

Tx-C 11 



3 2 1 28 27 26 



12 13 14 15 16 17 18 



25 "2 RxTP- 
24 ] LTF 
23 2 NC 
22 []TxCAP0 
21 ]TxCAP1 
20 2 CND 
19 2 G ND 



t t is 



PIN DESCRIPTION (DIP) 

PIN# NAME FUNCTION 



1 CLSN 



COL+ 
COL- 



Indicates that a collision is taking place. Active low LED driver, open collector. Event is extended 
100ms for visibility. 

Gated 10MHz signal used to indicate a collision, SQE test, or jabber. Balanced differential 
line driver outputs that meet AU interface specifications. AC or DC coupled. 



SQEN/LTD/ SQE Test Enable, Link Test Disabled, Jabber Disabled. This input uses four voltage levels to 
JABD configure the chip as shown in Table 1 . 



5 


Rx+ 


6 


Rx- 


7 


Vcc 


8 


Tx+ 


9 


Tx- 


10 


RTSET 


11 


RRSET 



Table 1. SQEN/LTD/JABD Pin Configuration 


Pin 


SQE Test 


Link Test 


Jabber 


OV(GND) 


Disabled 


Enabled 


Enabled 


1.2V 


Disabled 


Disabled 


Disabled 


BIAS 


Enabled 


Disabled 


Enabled 


5V(V CC ) 


Enabled 


Enabled 


Enabled 



When link test is disabled, no link pulses are transmitted, and the transmitter and receiver will not be 
disabled as a result of a loss of receive link pulses. When Jabber is disabled the transmitter can transmit 
continuously without interruption, and the collision oscillator will not be activated. 

Manchester encoded receive data output to the local device. Balanced differential line driver outputs 
that meet AU interface specifications. AC or DC coupled. 

+5 Volt power input. 

Balanced differential line receiver inputs that meet AU interface specifications. These inputs may be 
AC or DC coupled. When AC coupled, the BIAS pin is used to set the common mode voltage. Signals 
meeting the transmitter squelch input requirements are pre-equalized and output on TxTP+ and TxTP- 

When using 100Q unshielded twisted pair, a 220ft resistor is tied between this pin and Vcc- When 
using 150Q shielded twisted pair, a 330Q resistor is tied between this pin and Vcc- 

A 1 % 61 .9KQ resistor tied from this pin to Vcc is used for internal biasing. 
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PIN DESCRIPTION (DIP) (Continued) 



P1N# NAME 



FUNCTION 



12 POLRD 

13 XMT 

14 RCV 



1 5 TxTP- 

16 TxTP+ 



17 GND 

1 8 TxCAPI 

19 TxCAPO 

20 LTF 



21 RxTP- 

22 RxTP+ 

23 BIAS 



24 JAB 



Receive Polarity status. Active low LED Driver, open collector output. Indicates the polarity of the 
receive twisted pair regardless of auto polarity correction. When this pin is high, the receive polarity is 
correct, and when this pin is low the receive polarity is reversed. 

Indicates that transmission is taking place on the TxTP+, TxTP- pair. Active low LED driver, open 
collector. It is extended 100ms for visibility. 

Indicates that the transceiver has unsquelched and is receiving data from the twisted pair. Active low 
LED driver, open collector. It is extended 100ms for visibility. 

Pre-equalized differential balanced current driven output. These ouputs are connected to a balanced 
transmit output filter which drives the twisted pair cable through pulse transformers. The output current 
is set with an external resistor connected to RTSET allowing the chip to drive 100Q. unshielded twisted 
pair, 1 50Q shielded twisted pair cables or a range of other characteristic impedances. 

Ground reference. 

An external capacitor of 330pF is tied between these two pins to set the pulse width for the pre- 
equalization on the transmitter. If these two pins are shorted together, no pre-equalization occurs. 

Link Test Fail. Active high. Normally this pin is low, indicating that the link is operational. If the link 
goes down resulting from the absence of link pulses or frames being received, the chip will go into the 
Link Test Fail state and bring LTF high. In the Link Test Fail state, both the transmitter and receiver are 
disabled, however link pulses are still sent. A station that only has access to the AUI can detect a Link 
Test Fail by the absence of loopback. This pin is low when the Link Test is disabled. Open collector 
LED output. 

Twisted Pair receive data input. When this signal exceeds the receive squelch requirements the receive 
data is buffered and sent to the Rx± outputs. 

Bias voltage, output. Used to bias the receive twisted pair inputs as well as the Tx± inputs when they 
are AC coupled. 

Open collector TTL output capable of driving an LED. When in the Jabber state, this pin will be low 
and the transmitter will be disabled. In the Jabber "OK" state this pin will be high. 
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ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Power Supply Voltage Range 

V CC -0.3to6V 

Input Voltage Range 

Digital Inputs (SQEN, LTD) -0.3 to V cc 

Tx+, Tx- RxTP+, RxTP- -0.3 to V cc 

Input Current 

RRSET, RTSET, JAB, CLSN, XMT, RCV, LTF 60mA 

Output Current 

TxTP+, TxTP- 80mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) 260°C 



OPERATING CONDITIONS 

(Note 2) 

Supply Voltage (V cc ) 5V ±10% 

LED on Current 10mA 

RRSET 61.9KQ±1% 

RTSET 220ft ±1% 

TxCAP 330pF 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = 0°C to 70°C (Note 3), VCC = 5V ±10% 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply Current Ice (Note 4) 


V C C = 5V 






140 


mA 


LED Drivers: V |_ 


R L = 510Q(Note5) 






0.8 


V 


Transmit Peak Output Current 


RTSET = 220Q 




42 
(Note 6) 




mA 


Transmit Squelch Voltage Level 
(Tx+, Tx-) 






-170 




mV 


Differential Input Voltage 
(RxTP+, RxTP-) 




±0.300 




±3.1 


V 


Receiver Input Resistance 




10 






KQ 


SQEN/LTD/JABD Input Resistance 






12 




KQ 


Receive Squelch Voltage Level 
(RxTP+, RxTP-) 




300 


450 


585 


mV-p 


Differential Output Voltage 
(Rx±, COL±) 




±550 




±1200 


mV 


Common Mode Output Voltage 
(Rx±, COL±) 






4.0 




V 


Differential Output Voltage Imbalance 
(Rx±, COL±) 






2 


±40 


mV 


BIAS Voltage 






3.2 




V 


SQEN/LTD/JABD 


SQE TEST disabled 
All disabled 
Link Test Disabled 
All Enabled 


1.1 
BIAS -0.1 5 
V cc -0.05V 




0.3 

1.4 

BIAS + 0.1 5 


V 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 

Note 2: Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty cycle pulse testing is performed at T^. 

Note 4: This does not include the current from the AUI pull down resistors, the transmit pins TxTP+ and TxTP- or the LED output pins. 

Note 5: LED drivers can sink up to 20mA, but VOL will be higher. 

Note 6: This current will result in a 2.5V peak output voltage on unshielded twisted pair cable when connected through an external filter and transformer as shown in Figure 1 2. 
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ELECTRICAL CHARACTERISTICS (Continued) 

AC ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Transmit 


tTXNPW 


Transmit Turn-On Pulse Width 


20 




ns 




trxFPw 


Transmit Turn-Off Pulse Width 


180 




ns 




tTXLP 


Transmit Loopback Startup Delay 






200 


ns 


tTXODY 


Tranmitter Turn-On Delay 






200 


ns 


tTXSDY 


Transmit Steady State Prop. Delay 




15 


100 


ns 


tTXJ 


Transmitter Jitter 




±2 


±3.5 


ns 


Receive 


tRXODY 


Receive Turn-On Delay if Transmit is Idle 




420 


500 


ns 


tRXTDY 


Receive Turn-On Delay if Tranmit is Active 




650 


800 


ns 


tRXFX 


Last Bit Received to Start Slow Decay Output 


230 


800 




ns 


tRXSDY 


Receive Steady State Prop. Delay 




15 


100 


ns 


tRXJ 


Receiver Jitter 




±0.7 


±1.5 


ns 


*AR 


Differential Output Rise Time 20% to 80% (Rx±, COL±) 




3 




ns 


tAF 


Differential Output Fall Time 20% to 80% (Rx±, COL+) 




3 




ns 


Collision 


tCPSQE 


Collision Present to SQE Assert 




900 


ns 




*TXRX 


Time for Loopback to swtich from Tx to RxTP 
during a collision 







900 


ns 


tSQEXR 


Time for SQE to deactivate given that RxTP goes idle and 
TxTP continues 







900 


ns 


tSQEXT 


Time for SQE to deactivate given thata TxTP goes idle 
and RxTP continues 







900 


ns 


tCLF 


Collision Frequency 


8.5 


10 


11.5 


MHz 


tCLPDC 


Collision Pulse Duty Cycle 


40 


50 


60 


% 


tSQEDY 


SQE Test Delay (Tx Inactive to SQE) 


0.6 


1.1 


1.6 


us 


tSQETD 


SQE Test Duration 


0.5 


1.0 


1.5 


us 


Jabber, Link Test and LED Timing 


tjAD 


Jabber Activation Delay 


20 


70 


150 


ms 


tjRT 


Jabber Reset Unjab Time 


250 


450 


750 


ms 


tjSQE 


Delay from Outputs Disabled to Collision Oscillator On 




100 




ns 


tLLT 


Link Loss Time 


50 


95 


150 


ms 


t|_TN 


Link Test Pulse Receive Minimum Time 


2 


4.2 


7 


ms 


tLTX 


Link Test Pulse Receive Maximum Time 


25 


70 


150 


ms 


tTLP 


Link Test Pulse Repetition Rate 8 


16 


24 


ms 




tLTPW 


Link Test Pulse Width 


85 


100 


200 


ns 


tLEDT 


XMT, RCV, CLSN On Time 


30 


100 


300 


ms 
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TIMING DIAGRAMS 



Tx+ 
Tx- 



TxTP+ 
TxTP- 



Rx+ 
Rx- " 



OSBCXX 



-tTXODY— 



»W-^| 

be©(X)c 



Figure 1 . Transmit and Loopback Timing 
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tRXSDY 



-tRXFX- 



C3wwCXX 



Figure 2. Receive Timing 



4-74 



MgL Micro Linear 



ML4652, ML4658 



TIMING DIAGRAMS (Continued) 
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Figure 3. Collision Timing 
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Figure 4. Collision Timing 
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TIMING DIAGRAMS (Continued) 
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Figure 5. Collision Timing 
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Figure 7. Jabber Timing 
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TIMING DIAGRAMS (Continued) 
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Figure 8. Link Pulse Timing 
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Figure 9. LED Timing 
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SYSTEM DESCRIPTION 

Figure 10 shows a typical block diagram of an external 
10BASE-T transceiver interface. On one side of the 
transceiver is the AU interface and the other is the twisted 
pair. The AU interface is AC coupled when used in an 
external transceiver or can be AC or DC coupled when 
used in an internal transceiver. The AU interface for an 
external transceiver includes isolation transformers, some 
biasing resistors, and a voltage converter for power. 

The twisted pair side of the transceiver requires external 
transmit and receive filters, isolation transformers, and 
terminating resistors. These components can be obtained 
in a single hybrid package from suppliers listed in figure 
1 2. The transmitter sends pre-equalized data through the 
transmit filters onto the twisted pair. The pre-equalized 
data uses a standard two step output waveform that lowers 
the amplitude of the 5MHz component so that at the 
receiving end both the 5MHz and 10MHz components 
have the same amplitude. The external transmit filter 
smooths the edges of the signal before passing it onto the 
twisted pair. 

The receive pair side of the transceiver accepts the data 
after it passes through the isolation transformer and the 
receive low pass filter. Since this is an AC coupled input, 
the Bias pin is used to set the proper common mode 
voltage for the receive inputs. A pair of 50Q. resistors 
correctly terminate the receive pair and provide a 
common mode for the Bias voltage connection point. 



AU INTERFACE 

The AU interface consists of 3 pair of signals, DO, CI and 
Dl as shown in Figure 10. The DO pair contains transmit 
data from the DTE which is received by the transceiver 
and sent out onto the twisted pair. The Dl pair contains 
valid data that has been either received from the twisted 
pair or looped back from the DO and output through the 
Dl pair to the DTE. The CI pair indicates whether a 
transmit based collision has occurred. It is an output that 
oscillates at 10MHz. CI pair is also used for Jabber and 
SQE Test. 

The transceiver may be AC or DC coupled depending on 
the application. For the AC coupled interface, the DO 
input must be DC biased (shifted up in voltage) for the 
proper common mode input voltage. The BIAS pin serves 
this purpose. When DC coupled, the manchester encoder/ 
decoder transmit output pair provides this common mode 
voltage and the Bias pin is not connected. 

The two 39Q 1 % resistors tied to the Tx+ and Tx- pins 
serve two purposes. They provide a point to connect the 
common mode bias voltage, and they provide the proper 
matching termination for the AUI cable. The CI and Dl 
pair, which are output drivers from the transceiver to the 
AUI cable, require 360C1 pull down resistors when 
terminated with a 78Q load. However on a DTE card, CI 
and Dl do not need 78Q terminating resistors. This also 
means that the pull down resistors on CI and Dl can be 
1 KQ. or greater depending upon the particular manchester 
encoder/decoder chip used. 




Figure 1 0. System Block Diagram 
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The AUI drivers are capable of driving the full 50 meters 
of cable length and have a rise and fall time of typically 
3ns. The rise and fall times match to within 1 ns. In the 
idle state, the outputs go to the same voltage to prevent 
DC standing current in the isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the presence 
of data from the AUI DO input (Tx+, Tx-) and driving 
that data onto the transmit twisted pair (TxTP+, TxTP-). 
A positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in a positive signal on the 
TxTP+ lead of the chip with respect to the TxTP- lead. 

Before data will be transmitted onto the twisted pair from 
the AU interface, it must exceed the squelch requirements 
for the DO pair. The Tx squelch circuit serves the function 
of preventing any noise from being transmitted onto the 
twisted pair. This circuit rejects signals with pulse widths 
less than typically 20ns and voltage levels more positive 
than -1 75 mV. Once the Tx squelch circuit has unsquelched, 
it looks for the start of idle signal to turn on the squelch 
circuit again. The transmitter turns on the squelch again 
when it receives an input signal at Tx± that is more 
positive than -1 75mV for more than approximately 1 80ns. 



At the start of a packet transmission, no more than 2 bits 
are received from the DO circuit and not transmitted onto 
the twisted pair. The difference between start-up delays 
(bit loss plus steady-state propagation delay) for any two 
packets that are separated by 9.6jis or less will not exceed 
200ns. 

The output stage of the transmitter is a current mode 
switch which develops the output voltage by driving 
current through the terminating resistor and the output 
filter. The transmitter employs a center tap 2:1 transformer 
where the center tap is tied to Vcc (+5V). While one pin 
of the transmit pair (TxTP+, TxTP-) is pulled low, the other 
pin floats. The output pins to the twisted pair wires, TxTP+ 
and TxTP-, can drive a 1 00^2, 1 50Q load, or a variety of 
impedances that are characteristic of the twisted pair wire. 
RTSET selects the current into the TxTP+, TxTP- pins. This 
current along with the characteristic impedance of the 
cable determines the output voltage. 

Once the characteristic impedance of the twisted pair is 
determined, one must select the appropriate RTSET 
resistor as well as match the terminating impedances of 
the transmit and receive filter. The RTSET resistor can be 
selected as follows: 

RTSET = (R L /1 00) X220Q 

where Rl is the characteristic impedance of the twisted 
pair cable. 



TxTP+ 
TxTP- 



OUTPUT AFTER 
TRANSMIT FILTER 



INPUT INTO 
RECEIVER 




Figure 1 1 . Transmit Pre-Equalization Waveform 
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The transmitter incorporates a pre-equalization circuit for 
driving the twisted pair line. Pre-equalization 
compensates for the amplitude and phase distortion 
introduced by the twisted pair cable. The twisted pair line 
will attenuate the 10MHz signal more than the 5MHz 
signal. Therefore pre-equalization insures that both the 5 
and 1 0MHz components will be roughly the same 
amplitude at the far end receiver. 

The pre-equalization circuit reduces the current output 
when a 5MHz bit is being transmitted. After 50ns of a 
5MHz bit, the current level is reduced to approximately 
2/3 of its peak for the remaining 50ns. Figure 1 1 illustrates 
the pre-equalization. 

An on-chip one-shot determines the pulse width of the 
pre-equalized transmit signal. This requires an external 
capacitor connected to pins TxCAPO and TxCAPI . The 
proper value for this one-shot is 330pF. Pre-equalization 
can be disabled by shorting TxCAPO and TxCAPI 
together. 

The transmitter enters the idle state when it detects start of 
idle on Tx+ and Tx- input pins. The transmitter maintains 
a minimum differential output voltage of at least 450mV 
for 250ns after the last low to high transition. The driver 
differential output voltage will then be within 50mV of 0V 
within 45 bit times. 

RECEPTION 

The twisted pair receive data is transformer coupled and 
low pass filtered before it is fed into the input pins RxTP±. 
The input is differential with the common mode voltage 
set by the chip's Bias pin. At the start of packet reception 
from the twisted pair link, no more than 5 bits are received 
from the twisted pair cable and not transmitted onto the Dl 
circuit. The first bit sent on the Dl circuit may contain phase 
violations or invalid data, but all subsequent bits are valid. 

The receive squelch will reject the following signals on 
the RxTP+ and RxTP- inputs: 

1 . All signals that produce a peak magnitude less than 
300mV. 

2. All continuous sinusoidal signals of amplitude less than 
6.2Vp_p and frequency less than 2MHz. 

3. All single sinusoidal cycles of amplitude less than 
6.2Vp_p and either polarity, where the frequency is 
between 2MHz and 1 5MHz. For a period of 4 BT 
before and after this single cycle, the signal will 
conform to (1 ) above. 

4. All sinusoidal cycles gated by a 100ns pulse gate of 
amplitude less than 6.2Vp_p and either polarity, where 
the sinusoidal frequency is between 2MHz and 
30MHz. The off time of the pulse gate on the sinusoidal 
signal shall be at least 400ns. 



The first three receive squelch criteria are required to 
conform to the 10BASE-T standard. The fourth receive 
squelch criteria exceeds the 10BASE-T requirements and 
enhances the performance of the receiver. The fourth 
squelch criteria prevents a false unsquelch caused by 
cross talk or noise typically found coupling from the 
phone lines onto the receive twisted pair. 

When the receive squelch is on during idle, the input 
voltage must exceed approximately ±450mV peak several 
times before unsquelch occurs. If the transmitter is 
inactive, the receiver has up to 5 bit times to unsquelch 
and output the receive data on the Rx+, Rx- pair. If the 
transmitter is active, the receive squelch extends the time 
it takes to determine whether to unsquelch. If the receiver 
unsquelches while the transmitter is active, a collision will 
result. Therefore the receive squelch uses the additional 
time to insure that a collision will not be reported as a 
result of a false receive squelch. 

After the receiver is unsquelched, the detection threshold 
is lowered to 275mV. Upon passing the receive squelch 
requirements the receive data propagates into the 
multiplexer and eventually passes to the Rx+ and Rx- 
outputs of the AU interface. The addition of jitter through 
the receive section is no more than ±1 .5ns. 

While in the unsquelch state, the receive squelch circuit 
looks for the start of idle signal at the end of the packet. 
When start of idle is detected, receive squelch is turned 
on again. The proper start of idle occurs when the input 
signal remains above 300mV for 1 60ns. Nevertheless, if 
no transitions occur for 160ns, receive squelch is still 
turned on. 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision output. 
The collision output is a differential square wave matching 
the AUI specifications and capable of driving a 78Q load. 
The frequency of the square wave is 1 0MHz ±1 5% with a 
60/40 to 40/60 duty cycle. The collision oscillation turns 
on no more than 9 bit times after the collision condition 
begins, and turns off no more than 9 bit times after the 
collision condition is removed. The collision oscillator 
also is activated during SQE Test and Jabber. 

LOOPBACK 

The loopback function emulates a coax Ethernet 
transceiver where the transmit data sent by the DTE is 
looped back over the AUI receive pair. Many LAN 
controllers report the status of the carrier sense for each 
packet transmitted. The software can use this loopback 
information to determine whether a MAU is connected to 
the DTE by checking the status of carrier sense after each 
packet transmission. 



4-80 



3^ Micro Linear 



ML4652, ML4658 



When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on within 9 bit times. The data on the Dl 
AUI pair (Rx+, Rx-) changes from Tx+, Tx- to RxTP+, 
RxTP- when entering the collision state. During a 
collision, if the receive data (RxTP+, RxTP-) drops out 
before the transmit data (Tx+, Tx-), Rx+, Rx- will switch 
back to Tx+, Tx-. 

SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter-packet gap time, the 
collision oscillator will be activated for typically 1jxs. The 
SQE test will not be activated if the chip is in the link fail 
state, or the Jabber state. 

For SQE to operate, the SQEN pin must be tied to V cc or 
BIAS. The SQE test can be disabled by tying the SQEN pin 
to 1 .2V or ground. This allows the chip to be interfaced to 
a repeater. 

JABBER FUNCTION 

The Jabber function prevents a babbling transmitter from 
bringing down the network. Within the transceiver is a 
Jabber timer that starts at the beginning of each 
transmission and resets at the end of each transmission. If 
the transmission lasts longer than 20ms the jabber logic 
disables the transmitter, and turns on the collision 
oscillator COL+, COL-. When Tx+ and Tx- finally go idle, 
a second timer measures 0.5 seconds of idle on Tx+ and 
Tx- before re-enabling the transmitter and turning off the 
collision oscillator. If transmission starts up again before 
0.5 seconds has expired, the timer is reset and measures 
another 0.5 seconds of idle time. 

Even though the transmitter is disabled during jabber, Link 
Pulses are still transmitted if the, Link Test is enabled. 

Jabber can be disabled by placing 1 .2V on the SQEN/LTD/ 
JABD pin. This is useful for measuring jitter performance 
on the transmitter. 

LINK TEST FUNCTION 

Transmission — Whenever data is not being delivered to 
the twisted pair link, the idle signal is applied. The idle 
signal is a sequence of Link Pulses separated by a 1 6ms 
period of silence. The idle signal starts with a period of 
silence after a packet transmission ends. The link test 
pulse is a single high pulse with the same amplitude 
requirements as the data signal. 



Reception — The transceiver monitors the receive twisted 
pair input for packet and link pulse activity. If neither a 
packet nor a link test pulse is received for 50 to 1 50ms, 
the transceiver enters the Link Test Fail state and inhibits 
transmission and reception. Link pulses received with the 
wrong polarity will be ignored and cause the chip to go 
into link test fail. 

A DTE can determine that the transceiver is in Link Test 
Fail one of two ways: it can monitor the LTF pin if the 
transceiver is internal, or it can monitor loopback. If the 
MAU is on-board the LTF pin can be sampled to 
determine that the transceiver is in the link fail state. If the 
MAU is external the DTE can monitor carrier sense during 
transmission. A loss of carrier sense is an indication of 
Link Test Fail State, since in Link Test Fail, loopback is 
disabled. Note that jabber also disables loopback but with 
Jabber the collision signal will be on. 

When a packet, or two consecutive link test pulses is 
received from the twisted pair input, the transceiver will 
exit the Link Test Fail state upon transmit and receive data 
being idle, and re-enable transmission and reception. 

Link test pulses that do not occur within at most 25 to 
1 50ms of each other are not considered consecutive. 
In addition, detected pulses that occur within a time 
between 2 to 7ms of a previous pulse will be considered 
as noise by the link test circuitry. 

POLARLITY CIRCUITRY 

The ML4652 offers polarity detection, while the ML4658 
offers automatic polarity correction. The ML4652 and 
ML4658 are pin for pin compatible. The POLRD pin is 
used to report the status of the receive pair polarity. This 
pin reflects the true status of the receive polarity regardless 
of whether the part has autopolarity correction or not. 

Polarity Detection — ML4652 — The internal circuitry 
uses the start of idle signal to determine the receive 
polarity. With the correct receive polarity, the Start of Idle 
signal (the end of the frame) will remain above 300m V for 
more than 1 60ns. If the polarity is reversed, the Start of 
Idle signal will end with a negative voltage. 



The POLRD status pin is updated only when two 
consecutive frames are received with the same Start of 
Idle polarity. In the case where the part is powered up 
with the receive polarity reversed and no frames are 
received, the part will go into link test fail without 
reflecting a reverse polarity condition. Without 
autopolarity correction, the part will remain in link test fail 
unless a frame is received or the correct polarity link 
pulses are received. 
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Automatic Polarity Correction — ML4658 — In the link 
OK state, receive polarity is updated when two 
consecutive frames are received with the same Start of 
Idle polarity. In the Link Test Fail state the part will use 
either the Start of Idle signal or link pulses to correct the 
receive polarity. 

In the case where the part is powered up with the receive 
polarity reversed and no frames are received, the part will 
go into Link Test Fail. After two link pulses are received 
with the same polarity, the part will exit Link Test Fail and 
correct the receive polarity. The POLRD pin will continue 
to reflect the true polarity of the receive pair. 

LED DRIVERS 

The ML4652, ML4658 have six LED drivers for transmit, 
receive, collision, Link Test Fail, reverse polarity, and 
jabber. The LEDs are normally off except for LTF which is 
normally on and active high. The LEDs are tied to their 
respective pins through a 51 OQ resistor to 5 Volts. 



The XMT, RCV and CLSN pins have pulse stretchers on 

them which enables the LEDs to be visibl e. Wh en 

transm ission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for 1 00ms. If another 
transmit, receive or collision condition occurs during the 
first 100ms, the LED timer will reset and begin timing 
again for 10 0ms . The LED s will remain on for consecutive 
frames. The JAB, POLRD, and LTF LEDs do not have pulse 
stretchers on them since their conditions occur long 
enough for the eye to see. 

SEMI-STANDARD OPTION 

The ML4652 and ML4658 are designed using Micro 
Linear's Bipolar Tile Array technology. They use a special 
Tile Array, the FB3651, that was designed for Data 
Communications applications. As a result these parts are 
customizable, and can be modified to suit a specific 
customer application. Please contact your local 
representative or Micro Linear for more information on 
semi-standard options. 
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APPLICATION: EXTERNAL MAU 
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* Single Chip Solutions are Available from Magnetic Suppliers. 

Magnetics and Filter Suppliers- 
Pulse Engineering, Inc (San Diego) 
Valor Electronics, Inc. (San Diego) 
Fil-Mag (San Diego) 



Figure 12. External MAU 
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APPLICATION: INTERNAL MAU 



330pF 




VCC GND 



TT 



510Q. 

jab[— VW^- 

51 on 

clsn — Wv44-* 



Figure 13. Internal MAU 



ORDERING INFORMATION 



ORDERING NUMBER 


PACKAGE 


PIN COUNT 


AUTO-POLARITY 


ML4652CP 
ML4658CP 
ML4652CQ 
ML4658CQ 


Skinny DIP (P24N) 

Skinny DIP (P24N) 

PLCC (Q28) 

PLCC (Q28) 


24 pins 
24 pins 
28 pins 
28 pins 


No 
Yes 
No 
Yes 
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ML4654 



10BASE-T Transceiver for Multi-Port Repeaters 



GENERAL DESCRIPTION 

The ML4654 10BASE-T Transceiver is a single chip cable 
line driver/receiver that provides all of the functionality 
required to implement an internal 10BASE-T Transceiver 
for a Multi-Port Repeater. The ML4654 provides a TTL 
interface well suited for Multi-Port Repeater control 
logic. 

The ML4654 uses a minimal number of external 
components, and fully conforms to the IEEE 802.3 
10BASE-T standard. The transmitter offers a current 
driven output that is less sensitive to power supply 
variation and noise. It offers superior performance 
because of its highly symetrical switching which results 
in low RFI noise and low jitter. 

The Transceiver easily interfaces to 100O unshielded 
twisted pair cable, 150O shielded twisted pair cable, ^ 
a range of other characteristic impedances by 
changing one external resistor. Jabber and Link Test 
Function are fully integrated into the chip with At, 
enable/disable options. An autopolarity circuit detects 
the polarity of the receive pair and automatically 
corrects it if necessary. A polarity status ^j^fM^'»| 
drive an LED reflects the true polarity of J^ i rjMI(Jj||ip > 
pair. ....'ISl^^'*' 

The ML4654 is available in a 20 p\n^fi^fflSI& well 
as a surface mount 28 pin PLCC. The ML46§4 is 



designed using Micro Linear's Bipolar Tile Array 
technology. It uses a special Tile Array designed for 
Data Communications applications. Semi-Standard 
options are available to suit a particular customer 
application. 

FEATURES 

■ Complete implementation/of IEEE 802.3 10BASE-T 
internal Medium Attachment Unit (MAU) 

■ TTL interface for direct fe^f|fection to Multi-Port 
Repeater control logijE 

with a status pin to 
illfflty 



Automatic polarity 

lljBlecJ the true 

i^Nc^Clock 
l|papable o| 

cable orjj 
i Fully iwj 

Status |S8| 

i Available; 




red 

unshielded twisted pair 
led twisted pair cable 
Test logic, with Link Test Fail 
able/disable option 
logic, with enable/disable option 
20 pin skinny DIP or 28 pin PLCC 
jjj^ra^H^ard option using Micro Linear's FB3651 
LAN Transceiver Tile Array 
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ML4661 



FOIRL Transceiver 



GENERAL DESCRIPTION 

The ML4661 FOIRL transceiver combined with the 
ML4621 or ML4622 fiber optic quantizers provides all 
of the functionality required to implement both an 
internal and external IEEE 802.3 FOIRL MAU. The 
ML4661 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI cable. 

The ML4661 provides a highly integrated solution that 
requires a minimal number of external components, 
and is compliant to the IEEE 802.3 FOIRL standard. The 
transmitter offers a current driven output that directly 
drives a fiber optic LED transmitter. Jabber, 1MHz idle 
signal, and SQE Test are fully integrated onto the chip. 

The receiver accepts an ECL level input coming from- 
the ML4621 or ML4622 fiber optic quantizers. The 
1MHz idle signal is removed and the AUI output is 
activated when the receive squelch criteria is 
exceeded. A Link Monitor function is also provided for 
low light detection. 



FEATURES 

■ Combined with the ML4621 or ML4622, offers a 
complete implementation of an FOIRL Medium 
Attachment Unit (MAU) 

■ Incorporates an AU interface for use in an external 
MAU or an internal MAU 

■ Single +5 volt supply + 10% 

■ No crystal or clock required 

■ On-chip Jabber, 1MHz idle, and SQE Test with 
enable/disable option 

■ Five network status LED outputs 

■ Available in a 28-pin PLCC package 

■ $er$i*standard option using Micro Linearis FB3651 
LAN Transceiver tile Array 
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ML4662 



10BASE-FL Transceiver 



GENERAL DESCRIPTION 

The ML4662 10Base-FL transceiver combined with the 
ML4622 or ML4624 fiber optic quantizers provides all 
of the functionality required to implement both an 
internal and external IEEE 802.3 10Base-FL MAU. The 
ML4662 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI cable. 

The ML4662 provides a highly integrated solution that 
requires a minimal number of external components, 
and is compliant to the IEEE 802.3 10Base-FL standard. 
The transmitter offers a current driven output that 
directly drives a fiber optic LED transmitter. Jabber, 
1MHz idle signal, and SQE Test are fully integrated 
onto the chip. 

The receiver accepts an ECL level input coming from 
the ML4622 or ML4624 fiber optic quantizers. The 
1MHz idle signal is removed and the AUI output is 
activated when the receive squelch criteria is 
exceeded. A Link Monitor function is also provided for 
low light detection. 



FEATURES 

■ Combined with the ML4622 or ML4624, offers a 
complete implementation of an 10Base-FL Medium 
Attachment Unit (MAU) 

■ Pin compatible with the ML4661 FOIRL Transceiver 

■ Incorporates an AU interface for use in an external 
MAU or an internal MAU 

■ Single +5 volt supply ± 10% 

■ No crystal or clock required 

■ On-chip Jabber, 1MHz idle, and SQE Test with 
enable/disable option 

■ Five network status LED outputs 

■ Available in a 28-pin PCC package 

■ Semi-standard option available 
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PIN DESCRIPTION 



PIN tt 



NAME 



FUNCTION 



PIN # 



NAME 



FUNCTION 



12 
13 

14 
15 



16 



17 
18 



CLSN 



2 COL+ 

3 COL- 



4 SQEN/JABD 



GND 

Rx+ 
Rx- 



8 
9 


Vcc 
Vcc 


10 
11 


Tx+ 
Tx- 



RTSET 
RRSET 

NC 
XMT 



RCV 



V CC Tx 
TxOUT 



Indicates that a collision is taking 
place. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

Gated 10MHz oscillation used to 
indicate a collision, SQE test, or 
jabber. Balanced differential line 
driver outputs that meet AUI 
specifications. 

SQE Test Enable, Jabber Disable. 
When tied low, SQE test is 
disabled, when tied high SQE test 
is enabled. When tied to BIAS 
both SQE test and Jabber are 
disabled. 

Ground Reference. 

Manchester encoded receive data 
output to the local device. 
Balanced differential line driver 
outputs that meet AUI 
specifications. 

+5 Volt power input. 

Balanced differential line receiver 
inputs that meet AUI 
specifications. These inputs may 
be transformer, AC or DC 
coupled. When transformer or AC 
coupled, the BIAS pin is used to 
set the common mode voltage. 

Sets the current driven out of the 
transmitter. 

A 1% 61.9 KO resistor tied from 
this pin to Vcc se ts the biasing 
currents for internal nodes. 

No Connection. 

Indicates that transmission is 
taking place. Active low LED 
driver, open collector. Event is 
extended with internal timer for 
visibility. 

Indicates that the transceiver is 
receiving a frame from the optical 
input. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

+5 volt supply for LED driver. 

Fiber optic LED driver output. 



19 NC/PEAK Normally this pin can be left 

floating, (tying it to GND or Vcc is 
OK too.) Some fiber optic LEDs 
may need an additional peaking 
circuit to speed-up the rise and 
fall times. For this case, tie pin 19 
(NC/PEAK) to pin 18 (TxOUT). 
When using the HP HFBR 1414, let 
pin 19 float. Using the peaking 
circuit may deteriorate optical 
overshoot and undershoot. 

20 GND Ground Reference. 

21 GND Ground Reference. 

22 LMONin Link Monitor Input from the 

ML4622 or ML4624. This input 
must be low (active) for the 
receiver to unsquelch. 

23 LBDIS Loopback Disable. When this pin 

is tied to Vcc, * ne AUI transmit 
pair data is not looped back to 
the AUI receive pair, and collision 
is disabled. When this pin is tied 
to GND (normal operation), the 
AUI transmit pair data is looped 
back to the AUI receiver pair. 

24 LMON Link Monitor LED status output. 

This pi n is pulled low when 
LMONin input is low and there 
are transitions on RxlN± 
indicating an idle sig nal or active 
data. If either LMONin goes high 
or tran sitions cease on RxlN±, 
LMON will go high. Active low 
LED driver, open collector. 

Fiber Optic receive pair. This ECL 
level signal is received from the 
ML4622 or ML4624 fiber optic 
quantizer. When this signal 
exceeds the receive sq uelch 
requirements, and the LMONin 
input is low, the receive data is 
buffered and sent to the AUI 
receive outputs. 

27 BIAS BIAS output voltage for the AUI 

Tx+, Tx- inputs when they are AC 
coupled. 

28 JAB Jabber network status LED. When 

in the Jabber state, this pin will be 
low and the transmitter will be 
disabled. In the Jabber "OK" state 
this pin will be high. Open 
collector TTL output. 



25 RxIN- 

26 RxlN+ 
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OPERATING CONDITIONS 

(Note 2) 

Supply Voltage (V cc ) 5V ± 10% 

LED on Current 10mA 

RRSET 61.9KO ± 1% 

RTSET 1620 + 1% 



ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

V cc -0.3to6V 

Input Voltage Range 

Digital Inputs (SQEN, LMON, N , LBDIS) -0.3 to V cc 

Tx+, Tx- RxlN+, RxIN- -0.3 to V cc 

Input Current 

RRSET RTSET JAB, CLSN, XMT, RCV, LMON 60mA 

Output Current 

TxOUT 70mA 

Storage Temperature -65° C to +150°C 

Lead Temperature (Soldering 10 seconds) 260°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = 0°C to 70°C, V C c = 5V ± 10% (Note 3) 


PARAMETER 


CONDITIONS 


MIN 


TVP 


MAX 


UNITS 


Power Supply Current \q£. 
While Transmitting 


V cc = 5V, RTSET = 162Q 

(Note 4) 






200 


mA 


LED Drivers: Vql 


Iql = 10mA (Note 5) 






0.8 


V 


Transmit Peak Output Current (Note 6) 


RTSET = 162Q, 

Vcc - VccTx - 5V ± 5% 


47 


52 


60 


mA 


Transmit Squelch Voltage Level (Tx+, Tx-) 




-300 


-250 


-200 


mV 


Common Mode Input Voltage (Tx±, RxlN±) 




2 




V cc " 0.5 


V 


Differential Output Voltage (Rx±, COL+) 




±550 




±1200 


mV 


Common Mode Output Voltage (Rx±, COL±) 






4.0 




V 


Differential Output Voltage Imbalance 
(Rx±, COL±) 








±40 


mV 


BIAS Voltage 






3.2 




V 


SQE/JABD 


SQE Test Disable 
Jabber Disable 
Both Enabled 


1.5 
V CC " 0.5 




.3 
Vcc -2 


V 


LBDIS Threshold 


Disabled 
Enabled 


V cc -0.10 




1 


V 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


MIN 


TVP 


MAX 


UNITS 


Transmit 


tTXNPW 


Transmit Turn-On Pulse Width 




20 




ns 


trxFPw 


Transmit Turn-Off Pulse Width from Data to Idle 


400 




2100 


ns 


tTXLP 


Transmit Loopback Startup Delay 






500 


ns 


tTXODY 


Transmitter Turn-On Delay 






100 


ns 


tTXIDF 


Transmit Idle Frequency 


0.85 




1.25 


MHz 


tTXDC 


Transmit Idle Duty Cycle 


45 




55 


% 


tTXSDY 


Transmit Steady State Propagation Delay 




15 


50 


ns 


*TXJ 


Transmitter Jitter into 31Q Load 






±1.5 


ns 


Receive 


tRXSFT 


Receive Squelch Frequency Threshold 


2.51 




4.5 


MHz 


tRXODY 


Receive Turn-On Delay 






250 


ns 


*RXFX 


Last Bit Received to Slow Decay Output 


230 


300 




ns 


tRXSDY 


Receive Steady State Propagation Delay 




15 


50 


ns 


*RXJ 


Receiver Jitter 






±1.5 


ns 


tAR 


Differential Output Rise Time 20% to 80% (Rx±, COL±) 




4 




ns 


tAF 


Differentia! Output Fall Time 20% to 80% (Rx±, COL+) 




4 




ns 


Collision 


tCPSQE 


Collision Present to SQE Assert 







350 


ns 


tsQEXR 


Time for SQE to Deactivate After Collision 







700 


ns 


tcLF 


Collision Frequency 


8.5 




11.5 


MHz 


tdPDC 


Collision Pulse Duty Cycle 


40 


50 


60 


% 


tSQEDY 


SQE Test Delay (Tx Inactive to SQE) 


0.6 




1.6 


fIS 


tsQETD 


SQE Test Duration 


0.5 


1.0 


1.5 


fJS 


jabber and LED Timing 


tjAD 


Jabber Activation Delay 


20 


70 


150 


ms 


tjRT 


Jabber Reset Unjab Time 


250 


450 


750 


ms 


tjSQE 


Delay from Outputs Disabled to Collision Oscillator On 




100 




ns 


tLED 


RCV, CLSN, XMIT On Time 


8 


16 


32 


ms 


t|_LPH 


Low Light Present to LMON High 


3 


5 


10 


fJS 


tLLCL 


Low Light Clear to LMON Low 


250 




750 


ms 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse testing is performed at T A . 

Note 4: This does not include the current from the AUI pull down resistors, or LED status outputs. 

Note 5: LED drivers can sink up to 20mA, but V |_ will be higher. 

Note 6: Does not include prebias current for fiber optic LED which would typically be 3mA. 
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SYSTEM DESCRIPTION 

Figure 1 shows a schematic diagram of the ML4662 in 
an internal or external 10Base-FL MAU. On one side of 
the transceiver is the AU interface and the other is the 
fiber optic interface. The AU interface is AC coupled 
when used in an external transceiver or can be AC or 
DC coupled when used in an internal transceiver. The 
AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

The fiber optic side of the transceiver requires an 
external fiber optic transmitter, fiber optic receiver, and 
the ML4622 or ML4624 fiber optic quantizers. The 
transmitter uses a current driven output that directly 
drives the fiber optic transmitter. The receive side of 
the transceiver accepts the data after passing through 
the fiber optic receiver and the ML4622/ML4624 fiber 
optic quantizer. 

AU INTERFACE 

The AUI interface consist of 3 pair of signals, DO, CI 
and Dl as shown in figure 1. The DO pair contains 
transmit data from the DTE which is received by the 
transceiver and sent out onto the fiber optic cable. The 
Dl pair contains valid data that has been either 
received from the fiber optic cable or looped back 
from the DO and output through the Dl pair to the 
DTE. The CI pair indicates whether a collision has 
occurred. It is an output that oscillates at 10MHz if a 
collision Jabber or SQE Test has taken place, otherwise 
it remains idle. 

When the transceiver is external, these three pair are 
AC coupled through isolation transformers, while an 
internal transceiver may be AC or DC coupled. For the 
AC coupled interface, DO which is an input must be 
DC biased (shifted up in voltage) for the proper 
common mode input voltage. The BIAS pin serves this 
purpose. When DC coupled, transmit output pair 
coming from the serial interface provides this common 
mode voltage and the BIAS pin is not connected. 

The two 390 1% resistors tied to the Tx+ and Tx- pins 
serve two purposes. First they provide a point to 
connect the common mode bias voltage as discussed 
above, and they provide the proper matching 
termination for the AUI cable. The CI and Dl pair, 
which are output from the transceiver to the AUI cable, 
require 360O pull down resistors when terminated with 
a 780 load. However on a DTE card, CI and Dl do not 
need 780 terminating resistors. This also means that the 
pull down resistors on CI and Dl can be 1K0 or 
greater depending upon the particular manchester 
encoder/decoder chip used. Using higher value pull 
down resistors as in a DTE card will save power. 

The AUI drivers are capable of driving the full 50 
meters of cable length and have a rise and fall time of 
typically 4ns*. In the idle state, the outputs go to the 
same voltage to prevent DC standing current in the 
isolation transformers. 



TRANSMISSION 

The transmit function consists of detecting the 
presence of data from the AUI DO input (Tx+, Tx-) and 
driving that data onto the fiber optic LED transmitter. A 
positive signal on the Tx+ lead relative to the Tx- lead 
of the DO circuit will result in no current, hence the 
fiber optic LED is in a low light condition. When Tx+ is 
more negative than Tx-, the ML4662 will sink current 
into the chip and the LED will light up. 

Before data will be transmitted onto the fiber optic 
cable from the AUI interface, it must exceed the 
squelch requirements for the DO pair. The Tx squelch 
circuit serves the function of preventing any noise from 
being transmitted onto the fiber. This circuit rejects 
signals with pulse widths less than typically 20ns 
(negative going), or with levels less than -250mV. Once 
Tx squelch circuit has unsquelched, it looks for the 
start of idle signal to turn on the squelch circuit again. 
The transmitter turns on the squelch again when it 
receives an input signal at TxlN± that is more positive 
than -250mV for more than approximately 180ns. 

At the start of a packet transmission, no more than 1 
bit is received from the DO circuit and not transmitted 
onto the fiber optic cable. The difference between 
start-up delays (bit loss plus steady-state propagation 
delay) for any two packets that are separated by 9.6fis 
or less will not exceed 200ns. 

FIBER OPTIC LED DRIVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking 
current through the LED into the TxOUT pin. Once the 
current requirement for the LED is determined, the 
RTSET resistor is selected. The following equation is 
used to select the correct RTSET resistor: 



RTSET = 



52mA 



162Q 



l 'out 

The transmitter enters the idle state when it detects 
start of idle on Tx+ and Tx- input pins. After detecting 
the start of idle the transmitter switches to a 1MHz 
output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the V<xTx pin during the off 
cycle as shown in figure 2. Since the sum of the current 
in these two pins is constant, VccTx should be 
connected as close as possible to the Vcc connection 
for the LED. 



VccTx TxOUT 




Figure 2. Fiber Optic LED Driver Structure. 
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Vcc 



£51Q 
510 < 51fi 
— ^AA> — • — ^A^-l 



RTSET = 560Q 
'OUT = 1 5.9mA 



\z^> 



VccTx 



Figure 3. Converting Optical LED Driver Output to 
Differential ECL. 

If not driving an optical LED directly, a differential 
output can be generated by tying resistors from VccTx 
and TxOUT to Vcc as shown in figure 3. The minimum 
voltage on these two pins should not be less than 
V C c - 2V. 

RECEPTION 

The input to the transceiver comes from the ECL 
outputs of the ML4622 or ML4624. At this point it is a 
clean digital ECL signal. At the start of packet reception 
no more than 2.5 bits are received from the fiber cable 
and not transmitted onto the Dl circuit. The receive 
squelch will reject frequ encies lower than 2.51MHz and 
any receive input if the LMONin pin is high. 

While in the unsquelch state, the receive squelch 
circuit looks for the start of idle signal at the end of the 
packet. Start of idle occurs when the input signal 
remains idle for more than 160ns. When start of idle is 
detected, the receive squelch circuit returns to the 
squelch state and the start of idle signal is output on 
the Dl circuit (Rx+, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision 
output, except when loopback is disabled (LBDIS = Vcc)- 
The collision output is a differential square wave 
matching the AUI specifications and capable of driving 
a 780 load. The frequency of the square wave is 
10MHz ± 15% with a 60/40 to 40/60 duty cycle. The 
collision oscillator also is activated during SQE Test and 
Jabber. 

LOOPBACK 

The loopback function emulates a 10Base-T transceiver 
whereby the transmit data sent by the DTE is looped 
back over the AUI receive pair. Some LAN controllers 
use this loopback information to determine whether a 
MAU is connected by monitoring the carrier sense 
while transmitting. The software can use this loopback 
information to determine whether a MAU is connected 
to the DTE by checking the status of carrier sense after 
each packet transmission. 



When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on and the data on the Dl pair will 
follow RxlN+. After a collision is detected, the collision 
oscillator will remain on until either DO or RxIN go 
idle. 

Loopback can be disabled by strapping LBDIS to 
Vcc- m this mode the chip operates as a full 
duplex transmitter and receiver, and collision detection 
is disabled. A loopback through the transceiver can be 
accomplished by tying the fiber transmitter to the 



SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1//s. The 
SQE test will not be activated if the chip is in the low 
light state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vcc- 
This allows the MAU to be interfaced to a DTE. The 
SQE test can be disabled by tying the SQEN pin to 
ground, for a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter 
from bringing down the network. Within the 
transceiver is a Jabber timer that starts at the beginning 
of each transmission and resets at the end of each 
transmission. If the transmission last longer than 20ms 
the jabber logic disables the transmitter, and turns on 
the collision signal COL+, COL- When Tx+ and Tx- 
finally go idle, a second timer measures 0.5 seconds of 
idle time before the transmitter is enabled and collision 
is turned off. Even though the transmitter is disabled 
during jabber, the 1MHz idle signal is still transmitted. 

LED DRIVERS 

The ML4662 has five LED drivers. The LED driver pins 
are active low, and the LEDs are normally off. The LEDs 
are tied to their respective pins through a 500ft resistor 
to 5 Volts. 



The XMT, RCV and CLSN pins have pulse stretchers on 

them which enables the LEDs to be visibl e. Wh en 

transm ission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several milli- 
seconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LED 
timer will reset and restart the timing. Therefore rapid 
eve nts will leave the LEDs continuously on. The JAB 
and LMON LEDs do not have pulse stretchers on them 
since their conditions occur long enough for the eye to 
see. 
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LOW LIGHT CONDITION 



The LMO N LED o utput is used to indicate a l ow ligh t 
condition. LMON is activated low when both LMONin 
is low and there are transitions on RxlN± less than 3//s 
apart. I f either one of these conditions do not exist, 
LMON will go high. 

DIFFERENCES BETWEEN 10BASE-FL AND FOIRL 

10Base-FL is an improved version of the original FOIRL 
standard. The 10Base-FL standard allows backward 
compatibility of a 10Base-FL transceiver with a FOIRL 
transceiver. The main improvements incorporated into 
10Base-FL are that it can attach to a DTE by adding the 
SQE test, and the distance has been increased from 
1Km to 2Km. The other differences are much more 
subtle. 

1. SQE Test The FOIRL standard did not include the 
option of attaching a fiber transceiver to a DTE. Adding 
the SQE test to 10Base-FL enables a 10Base-FL 
transceiver to attach to a DTE. Micro Linear's ML4661 
FOIRL transceiver has a SQE test, but this is beyond 
the scope of the FOIRL standard. 

2. to at Least 2Km Distance: The FOIRL standard 
specifies a 1Km distance while 10Base-FL specifies 2Km. 
The additional 1Km distance for 10Base-FL comes from 
an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB 
sensitivity for the receiver and a 1dB improvement for 
the transmitter. The following table illustrates the 
transmit and receive power requirements for the two 
standards. Note: FOIRL specifies optical power in peak 
and 10Base-FL specifies it in average. Subtracting 3dB 
from peak will give the average. In the table below the 
FOIRL specifications were converted from peak to 
average power. 



Transmit/ Receive 
Average Power 


MIN 


MAX 


Conditions 


FOIRL 


Transmitter 


-12dBm 


-21dBm 




Receiver 


-12dBm 


-30dBm 


BER < It)-™ 


lOBase-FL 


Transmitter 


-12dBm 


-20dBm 




Receiver 


-12dBm 


-32.5dBm 


BER < 10- 9 



3. MAU State Diagrams are Different: The state diagrams 
for 10Base-FL are similar to 10Base-T, while the state 
diagrams for FOIRL are slightly different. The 
differences are in the AUI loopback, and in the link 
integrity function. 

AUI Loopback — In 10Base-FL, the DO to Dl 
loopback is always disabled during a collision, and 
optical receive data is passed through to Dl. For 
FOIRL there are some cases where loopback 
continues (i.e. DO looped to Dl) during a collision, 
and others where loopback is disabled during a 
collision. 10Base-FL is identical to 10Base-T in this 
case. Please refer to the IEEE standards for greater 
detail. 

Link Integrity — 10Base-FL adds an additional state to 
the Link Integrity Test function that will not allow an 
exit from the Low Light State until both the 
transmitter and receiver are idle. In FOIRL it is 
possible to exit from the Low Light State while still 
receiving data. 

MAU Timing Differences — The timing differences 
between 10Base-FL and FOIRL relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details of these 
parameters. 



Timing Parameter 
Differences 


FOIRL 
(bit times) 


lOBase-FL 
(bit times) 


ORDJnput to input on Dl 


Steady State Prop Delay 


0.5 


2 


Start-up Delay 


3.5 


5 


output on DO to OTD-Output 


Steady State Prop Delay 


0.5 


2 


Start-up Delay 


3.5 


5 


Collision Deassert to 
SQE Deassert minimum 


4.5 






OTD — Optical Transmit Data 
ORD — Optical Receive Data 
Dl, DO, CI — AUI Interface Signals 
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TIMING DIAGRAMS 
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Figure 4. Transmit and Loopback Timing 
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Figure 5. Receive Timing 



-tCPSQE- 



J^CIZXEXZEDCZDC 






xzz]»c^C)C^xzz)czzxizx: 



-*CPSQE— ♦> 

v a ™ XXX X- 



Figure 6. Collision Timing 
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TIMING DIAGRAMS (Continued) 
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Figure 7. Collision Timing 
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Figure 8. Collision Timing 
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Figure 9 SQE Timing 
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Figure 10. Jabber Timing 
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Figure 11. LED Timing 
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ORDERING INFORMATION 


PART NUMBER 


PIN COUNT 


PACKAGE 


ML4662CQ 


28 Pins 


Molded PCC (Q28) 
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July 1992 

ML4662EVAL 



10BASE-FL Evaluation Kit 



GENERAL DESCRIPTION 

The ML4662EVAL is an external MAU designed to 
evaluate the ML4662 FOIRL/10BASE-FL transceiver and 
the ML4622 fiber optic quantizer. The board interfaces to 
the AUI port through the transformer and to the fiber optic 
cable through the HP fiber optic transmitter and receiver. 

FEATURES 

■ Jumper switches to enable or disable Loop Back. 

■ Jumper switches to enable or disable SQE and Jabber 
functions. 

■ Capable of adjusting the receive sensitivity. 

■ 6 status LEDs. 

■ Current consumption: 260-290mA Typically 



KIT COMPONENTS 

The ML4662EVAL kit includes the following items to help 
the customer speed their design, layout and debug 
process. 

1 ) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts list of the 
ML4662EVAL. 

■ HFBR1414: HP fiber Optic LED transmitter. 

■ HFBR241 6: HP fiber optic pin diode receiver. 

■ One 28 pind sockets for the ML4662. 

■ ML4662CQ: 10BASE-FL transceiver. 

■ ML4622CP: Fiber Optic quantizer. 

■ PE64103: PULSE AUI coupling transformer. 

■ AUI CONNECTOR: 15 pins D SUB connector. 

3) DOCUMENTATION: Includes the following items: 

■ Demo board description. 

■ Block Diagram of the DEMO board. 

■ Schematic of the demo board. 

■ Lay out of the demo board. 

■ Parts list of the ML4662EVAL. 
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Single Chip 10BASE-FL Transceiver 



GENERAL DESCRIPTION 



FEATURES 



The ML4663 Single Chip 10BASE-FL Transceiver 
integrates both a ML4662 1 0BASE-FL Transceiver with a 
ML4622 Fiber Optic Data Quantizer to implement a 
highly integrated solution for 10BASE-FL transceivers. 
ML4663 offers a standard IEEE 802.3 AU interface that 
allows it to be directly connected to industry standard 
manchester encoder/decoder chips or an AUI connector. 

The ML4663 provides a highly integrated solution that 
requires a minimal number of external components, and is 
compliant to the IEEE 802.3 10BASE-FL standard. The 
transmitter offers a current drive output that directly drives 
a fiber optic LED transmitter. The receiver offers a highly 
stable fiber optic data quantizer capable of accepting 
input signals as low as 2mVp_p with a 55dB dynamic 
range. 

The transmitter automatically inserts 1MHz signal during 
idle time and removes this signal on reception. Low Light 
is continuously monitored for both activity as well as 
power level. Five LED status indicators monitor error 
conditions as well as transmissions, receptions and 
collisions. 



Single chip solution for 10BASE-FL internal or external 
Medium Attachment Units (MAUs) 

Incorporates an AU interface 

Highly stable data quantizer with 55dB input 
dynamic range 

Input sensitivity as low as 2mVp.p 

Current driven fiber optic LED driver for accurate 
launch power 

Single +5 volt supply 

No crystal or clock required 

Five network status LED outputs 

Available in 28 pin PCC package 

Semi-Standard option available 
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PIN CONNECTION 
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PIN DESCRIPTION 



PIN 



NAME 



FUNCTION 



PIN 



NAME 



FUNCTION 



1 CLSN 



2 COL+ 

3 COL- 



4 C T | M ER 

5 SQEN/JABD 



Rx+ 
Rx- 



8 LBDIS 



9 V CC 

10 Tx+ 

11 Tx- 



Indicates that a collision is taking 
place. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

Gated 10MHz oscillation used to 
indicate a collision, SQE test, or 
jabber. Balanced differential line 
driver outputs that meet AUI 
specifications. 

A capacitor from this pin to V<x 
determines the Link Monitor 
response time. 

SQE Test Enable, Jabber Disable. 
When tied low, SQE test is disabled, 
when tied high SQE test is enabled. 
When tied to 2.0V both SQE test and 
Jabber are disabled. 

Manchester encoded receive data 
output to the local device. Balanced 
differential line driver outputs that 
meet AUI specifications. 

Loopback Disable. When this pin is 
tied to Vco tne AUI transmit pair 
data is not looped back to the AUI 
receive pair, and collision is disabled. 
When this pin is tied to GND 
(normal operation) or left floating, the 
AUI transmit pair data is looped back 
to the AUI receiver pair, except 
during collision. 

+5 volt power input. 

Balanced differential line receiver 
inputs that meet AUI specifications. 
These inputs may be transformer or 
capacitively coupled. The Tx input 
pins are internally DC biased for AC 
coupling. 



14 LMON Link Monitor "Low Light" LED status 
output. This pin is pulled low when 
the voltage on the V|n+, Vin- inputs 
exceed the minimum threshold set by 
the Vjhadj pin, and there are 
transitions on V|n+, Vin- indicating 
an idle signal or active data. If either 
the voltage on the V|n+, Vin- inputs 
fall below the minimum threshold or 
transitio ns cease on V| N +, V|n~, 
LMON will go high. Active low LED 
driver, open collector. 



15 



16 



17 



XMT 



RCV 



VccTx 



18 


TxOUT 


19 


GND 


20 


GND 


21 


Vdc 



22 


Vref 


23 


Vthadj 


24 


AGND 


25 


V|N- 



26 



V| N + 



12 


RTSET 


Sets the current driven output of the 


27 


AV CC 


13 


RRSET 


transmitter. 

A 1% 61 .9k& resistor tied from this 
pin to Vcc sets the biasing currents 
for internal nodes. 


28 


J~AB 



Indicates that transmission is taking 
place. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

Indicates that the transceiver is 
receiving a frame from the optical 
input. Active low LED driver, open 
collector. Event is extended with 
internal timer for visibility. 

+5 volt supply for fiber optic LED 
driver. 

Fiber optic LED driver output. 

Ground Reference. 

Ground Reference. 

An external capacitor on this pin 
integrates an error signal which 
nulls the offset of the input 
amplifier. If the DC feedback loop is 
not being used, this pin should be 
connected to V^p. 

A 2.5V reference with respect to 
GND. 

This input pin sets the link monitor 
threshold. 

Analog Filtered Ground. 

This input pin should be 
capacitively coupled to the input 
source or to filtered AVco (The 
input resistance is approximately 
1 3kQ.) 

This input pin should be 
capacitively coupled to the input 
source or to filtered AV<x- (The 
input resistance is approximately 
1.3kQ.) 

Analog Filtered +5 volts. 

Jabber network status LED. When in 
the Jabber state, this pin will be low 
and the transmitter will be disabled. 
In the Jabber "OK" state this pin will 
be high. Active low LED, open 
collector. 
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ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Power Supply Voltage Range 

V cc -0.3 to 6V 

Input Voltage Range 

Digital Inputs (SQEN, LBDIS) -0.3 to V cc 

Tx+, Tx- V| N +, V| N - -0.3 to V cc 

Input Current 

RRSET, RTSET, JAB, CLSN, XMT, RCV, LMON 60mA 

Output Current 

TxOUT 70mA 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering 10 sec) 260°C 



OPERATING CONDITIONS 



Supply Voltage (Vcc) 

LED on Current 

RRSET 61. 

RTSET 1 



.. 5V ± 5% 

10mA 

9kft±1% 
15ft± 1% 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = 0°C to 70°C, V C c = V cc Tx = 5V ± 5% (Note 2 and 3) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply Current Ice: 
While Transmitting 


V C c = 5V, RTSET = 1 1 5ft (Note 4) 






220 


mA 


LED Drivers: V cc 


Iql = 1 0mA (Note 5) 






0.8 


V 


Transmit Peak Output Current (Note 6) 


RTSET = 115ft 


47 


52 


57 


mA 


Transmit Squelch Voltage Level (Tx+, Tx-) 




-300 


-250 


-200 


mV 


Differential Output Voltage (Rx±, COL±) 




±550 




±1200 


mV 


Common Mode 

Output Voltage (Rx±, COL±) 






4.0 




V 


Differential Output 

Voltage Imbalance (Rx±, COL±) 








±40 


mV 


SQE/JABD 


SQE Test Disable 
Both Disabled 
Both Enabled 


1.5 
V C c - 0.5 




0.3 
Vcc-2 


V 
V 

V 


LBDIS Threshold 


Disabled 
Enabled 


v cc -0.1 




1 


V 
V 


Common Mode Voltage (Tx+, Tx-) 






3.5 




V 


Common Mode Voltage (Vjn+, Vjn-) 






1.65 




V 


Reference Voltage 




2.30 


2.45 


2.60 


V 


Vref Output Source Current 








5 


mA 


Amplifier Gain 






100 




V/V 


Input Signal Range 




2 




1600 


mVp_p 


External Voltage at Vjhadj to Set Vjh 




0.5 




2.7 


V 


Input Offset 


Vdc = Vref (DC loop active) 




3 




mV 


Input Referred Noise 


50MHz BW 




25 




jiV 


Input Resistance 


V|N+/ V| N - 


0.8 


1.3 


2.0 


kft 


Input Bias Current of Vjhadj 




-200 


10 


+200 


poA 


Input Threshold Voltage 


Vthadj = Vref (Note 7) 


5 


6 


7 


mVp_p 


Hysteresis 






20 




% 
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AC ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


Transmit 


trxNPw 


Transmit Turn-On Pulse Width 




20 




ns 


tTXFPW 


Transmit Turn-Off Pulse Width from Data to Idle 


400 




2100 


ns 


*TXLP 


Transmit loopback Start-up Delay 






500 


ns 


tTXODY 


Transmit Turn-On Delay 






100 


ns 


*TXIDF 


Transmit Idle Frequency 


0.85 




1.25 


MHz 


tTXDC 


Transmit Idle duty Cycle 


45 




55 


% 


tTXSDY 


Transmit Steady State Propagation Delay 




15 


50 


ns 


*TXJ 


Transmit Jitter into 31 Q, Load 






±1.5 


ns 


Receive 


tRXSFT 


Receive Squelch Frequency Threshold 


2.51 




4.5 


MHz 


tRXODY 


Receive Turn-On Delay 






270 


ns 


tRXFX 


Last Bit Received to Slow Decay Output 


230 


300 




ns 


tRXSDY 


Receive Steady State Propagation Delay 




15 


50 


ns 


tRXJ 


Receive Jitter 






±1.5 


ns 


tAR 


Differential Output Rise Time 20% to 80% (Rx±, COL±) 




4 




ns 


W 


Differential Output Fall Time 20% to 80% (Rx±, COL±) 




4 




ns 


Collision 


tCPSQE 


Collision Present to SQE Assert 







350 


ns 


tSQEXR 


Time for SQE to Deactivate After Collision 







700 


ns 


tCLF 


Collision Frequency 


8.5 




11.5 


MHz 


tCLPDC 


Collision Pulse Duty Cycle 


40 


50 


60 


% 


tSQEDY 


SQE Test Delay (Tx Inactive to SQE) 


0.6 




1.6 


Us 


tSQETD 


SQE Test Duration 


0.5 


1.0 


1.5 


US 


jabber and LED Timing 


tjAD 


Jabber Activation Delay 


20 


70 


150 


ms 


*JRT 


Jabber Reset Unjab Time 


250 


450 


750 


ms 


tjSQE 


Delay from Outputs Disabled to Collision Oscillator On 




100 




ns 


*LED 


RCV, CLSN, XMT On Time 


8 


16 


32 


ms 


tLLPH 


Low Light Present to LMON High 


3 


5 


10 


US 


*LLCL 


Low Light Present to LMON Low 


250 




750 


ms 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 

Note 2: Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Low Duty Cycle pulse testing is performed at T A . 

Note 4: This dose not include the current from the AUI pull-down resistors, or LED status outputs. 

Note 5: LED drivers can sink up to 20mA, but Vol w| " be higher. 

Note 6: Does not include pre-bias current for fiber optic LED which would typically be 3mA. 

Note 7: Threshold for switching from Link Fail to Link Pass (Low Light). 
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SYSTEM DESCRIPTION 

Figure 1 shows a schematic diagram of the ML4663 in an 
internal or external 10BASE-FL MAU. On one side of the 
transceiver is the AU interface and the other is the fiber 
optic interface. The AU interface is AC coupled when 
used in an external transceiver or an internal transceiver. 
The AU interface for an external transceiver includes 
isolation transformers, some biasing resistors, and a 
voltage regulator for power. 

The fiber optic side of the transceiver requires an external 
fiber optic transmitter and fiber optic receiver. The 
transmitter uses a current driven output that directly drives 
the fiber optic transmitter. The receive side of the 
transceiver accepts the data after passing through a fiber 
optic receiver, which consists of a module containing a 
pin diode and a transimpedance amplifier. 

AU INTERFACE 

The AU interface consist of 3 pair of signals, DO, CI and 
Dl as shown in figure 1 . The DO pair contains transmit 
data from the DTE which is received by the transceiver 
and sent out onto the fiber optic cable. The Dl pair 
contains valid data that has been either received from the 
fiber optic cable or looped back from the DO and output 
through the Dl pair to the DTE. The CI pair indicates 
whether a collision has occurred. It is an output that 
oscillates at 1 0MHz if a collision, Jabber or SQE Test has 
taken place, otherwise it remains idle. 

When the transceiver is external, these three pairs are AC 
coupled through isolation transformers, while an internal 
transceiver may be capacitively coupled. Tx+, Tx- is 
internally DC biased (shifted up in voltage) for the proper 
common mode input voltage. 

The two 39H 1% resistors (or one 78Q 1% resistor) tied to 
the Tx+ and Tx- pins will provide the proper termination. 
The CI and Dl pair, which are output from the transceiver 
to the AUI cable, require 360Q pull down resistors when 
terminated with a 78Q load. However on a DTE card, CI 
and Dl do not need 78Q, terminating resistors. This also 
means that the pull down resistors on CI and Dl can be 
1 kQ or greater depending upon the particular Manchester 
encoder/decoder chip used. Using higher value pull down 
resistors as in a DTE card will save power. Refer to 
Application Note 13 for a more detailed explanation of 
the AUI pull-down resistors. 

The AUI drivers are capable of driving the full 50 meters 
of cable length and have a rise and fall time of typically 
4ns. In the idle state, the outputs go to the same voltage to 
prevent DC standing current in the isolation transformers. 

TRANSMISSION 

The transmit function consists of detecting the presence of 
data from the AUI DO input (Tx+, Tx-) and driving that 
data onto the fiber optic LED transmitter. A positive signal 
on the Tx+ lead relative to the Tx- lead of the DO circuit 
will result in no current, hence the fiber optic LED is in a 
low light condition. When Tx+ is more negative than Tx- 
the ML4663 will sink current into the chip and the fiber 
optic LED will light up. 



Before data will be transmitted onto the fiber optic cable 
from the AUI interface, it must exceed the squelch 
requirements for the DO pair. The Tx squelch circuit 
serves the function of preventing any noise from being 
transmitted onto the fiber. This circuit rejects signals with 
pulse widths less than typically 20ns (negative going), or 
with levels less than -250mV. Once Tx squelch circuit has 
unsquelched, it looks for the start of idle signal to turn on 
the squelch circuit again. The transmitter turns on the 
squelch again when it receives an input signal at Tx+, Tx- 
that is more positive than -250mV for more than 
approximately 180ns. 

At the start of a packet transmission, no more than 2 bits 
are received from the DO circuit and not transmitted onto 
the fiber optic cable. The difference between start-up 
delays (bit loss plus steady-state propagation delay) for 
any two packets that are separated by 9.6jxs or less will 
not exceed 200ns. 

FIBER OPTIC LED DRIVER 

The output stage of the transmitter is a current mode 
switch which develops the output light by sinking current 
through the LED into the TxOUT pin. Once the current 
requirement for the LED is determined, the RTSET resistor 
is selected. The following equation is used to select the 
correct RTSET resistor: 



RTSET= 52mA ] 115 q 



Uout J 



The transmitter enters the idle state when it detects start of 
idle on Tx+ and Tx- input pins. After detecting the start of 
idle the transmitter switches to a 1MHz output idle signal. 

The output current is switched through the TxOUT pin 
during the on cycle and the VccTx pin during the off cycle 
as shown in figure 2. Since the sum of the current in these 
two pins is constant, VccTx should be connected as close 
as possible to the Vcc connection for the LED. 

If not driving an optical LED directly, a differential output 
can be generated by tying resistors from VccTx and 
TxOUT to Vcc as shown in figure 3. The minimum 
voltage on these two pins should not be less than 
Vcc-2V. 

V cc Tx TxOUT 



Figure 2. Fiber Optic LED Driver Structure. 
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RTSET = 560i2 




Figure 3. Converting Optical LED Driver Output to 
Differential ECL. 

RECEPTION 

The input to the transceiver comes from a fiber optic 
receiver as shown in figure 1 . At the start of packet 
reception no more than 2.7 bits are received from the 
fiber cable and not transmitted onto the Dl circuit. The 
receive squelch will reject frequencies lower than 
2.51MHz. 

While in the unsquelch state, the receive squelch circuit 
looks for the start of idle signal at the end of the packet. 
Start of idle occurs when the input signal remains idle for 
more than 1 60ns. When start of idle is detected, the 
receive squelch circuit returns to the squelch state and the 
start of idle signal is output on the Dl circuit (Rx+, Rx-). 

COLLISION 

Whenever the receiver and the transmitter are active at 
the same time the chip will activate the collision output, 
except when loopback is disabled (LBDIS = Vcc). The 
collision output is a differential square wave matching the 
AUI specifications and capable of driving a 78£2 load. The 
frequency of the square wave is 1 0MHz ± 1 5% with a 60/ 
40 to 40/60 duty cycle. The collision oscillator also is 
activated during SQE Test and Jabber. 

LOOPBACK 

The loopback function emulates a 10BASE-T transceiver 
whereby the transmit data sent by the DTE is looped back 
over the AUI receive pair. Some LAN controllers use this 
loopback information to determine whether a MAU is 
connected by monitoring the carrier sense while 
transmitting. The software can use this loopback 
information to determine whether a MAU is connected to 
the DTE by checking the status of carrier sense after each 
packet transmission. 

When data is received by the chip while transmitting, a 
collision condition exits. This will cause the collision 
oscillator to turn on and the data on the Dl pair will 
follow V||m+, V|n- After a collision is detected, the 
collision oscillator will remain on until either DO or 
Vin+/ V| N - go idle. 

Loopback can be disabled by strapping LBDIS to Vcc- 
In this mode the chip operates as a full duplex transmitter 
and receiver, and collision detection is disabled. A 
loopback through the transceiver can be accomplished by 
tying the fiber transmitter to the receiver. 



SQE TEST FUNCTION (SIGNAL QUALITY ERROR) 

The SQE test function allows the DTE to determine 
whether the collision detect circuitry is functional. After 
each transmission, during the inter packet gap time, the 
collision oscillator will be activated for typically 1u.s. The 
SQE test will not be activated if the chip is in the low light 
state, or the jabber on state. 

For SQE to operate, the SQEN pin must be tied to Vcc- 
This allows the MAU to be interfaced to a DTE. The SQE 
test can be disabled by tying the SQEN pin to ground, for 
a repeater interface. 

JABBER FUNCTION REQUIREMENTS 

The Jabber function prevents a babbling transmitter from 
bringing down the network. Within the transceiver is a 
Jabber timer that starts at the beginning of each 
transmission and resets at the end of each transmission. If 
the transmission last longer than 20ms the jabber logic 
disables the transmitter, and turns on the collision signal 
COL+, COL-. When Tx+ and Tx- finally go idle, a second 
timer measures 0.5 seconds of idle time before the 
transmitter is enabled and collision is turned off. Even 
though the transmitter is disabled during jabber, the 1 MHz 
idle signal is still transmitted. 

LED DRIVERS 

The ML4663 has five LED drivers. The LED driver pins are 
active l ow, and the LEDs are normally off (except for 
LMON). The LEDs are tied to their respective pins through 
a 500Q. resistor to 5 Volts. 



The XMT, RCV and CLSN pins have pulse stretchers on 

them which enables the LEDs to be visibl e. Wh en 

transm ission or reception occurs, the LED XMT, RCV or 
CLSN status pins will activate low for several 
milliseconds. If another transmit, receive or collision 
conditions occurs before the timer expires, the LED timer 
will reset and restart the timing. Therefor e rap id e vents 
will leave the LEDs continuously on. The JAB and LMON 
LEDs do not have pulse stretchers on them since their 
conditions occur long enough for the eye to see. 

LOW LIGHT CONDITION 



The LMO N LED o utput is used to indicate a low light 
condition. LMON is activated low when both the receive 
power exceeds the Link Monitor threshold and there are 
transitions on V|n+, V|n- less th an 3u.s a part. If either one 
of these conditions do not exist, LMON will go high. 

INPUT AMPLIFIER 

The V| N +, V| N - input signal is fed into a limiting amplifier 
with a gain of about 1 00 and input resistance of 1 3kQ. 
Maximum sensitivity is achieved through the use of a DC 
restoration feedback loop and AC coupling the input. 
When AC coupled, the input DC bias voltage is set by an 
on-chip network at about 1 .7V. These coupling capacitors, 
in conjunction with the input impedance of the amplifier, 
establish a high pass filter with 3dB corner frequency, fL, 
at 

2ti1300C (1) 



f,= 
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Since the amplifier has a differential input, two capacitors 
of equal value are required. If the signal driving the input 
is single ended, one of the coupling capacitors can be tied 
to AVcc as shown in figure 1 . 

The internal amplifier has a lowpass filter built-in to band 
limit the input signal which in turn will improve the signal 
to noise ratio. 

Although the input is AC coupled, the offset voltage within 
the amplifier will be present at the amplifier's output. This 
is represented by Vqs in figure 4. Inorder to reduce this 
error a DC feedback loop is incorporated. This negative 
feedback loop nulls the offset voltage, forcing Vqs to be 
zero. Although the capacitor on Vqc is non-critical, the 
pole it creates can effect the stability of the feedback loop. 
To avoid stability problems, the value of this capacitor 
should be at least 10 times larger than the input coupling 
capacitors. 



z^r 



v our - 1. 



Figure 4. 

The comparator is a high-speed differential zero crossing 
detector that slices and accurately digitizes the receive 
signal. The output of the comparator is fed in parallel into 
both the receive squelch circuit and the loopback MUX. 

LINK DETECT CIRCUIT AND LOW LIGHT 

The link detect circuit monitors the input signal and 
determines when the input falls below a preset voltage 
level. When the input falls below a preset voltage, the 
ML4663 goes into the Low Light state. In the Low Light 
state the transmitter is disabled, but continues sending the 
1 MHz idle signal, the loo pback is disabled, the receiver is 
dis abled, a nd the LMON LED pin goes to high shutting off 
the LMON LED. To return to the Link Pass state, the 
optical receiver power must be 20% higher than the shut- 
off state. This built-in hysteresis adds stability to the Link 
Monitor circuit. Once the receiver power threshold is 
exceeded, the ML4663 waits 250ms to 750ms, then 
checks to see that Tx+. Tx- is idle and no data is being 
received before re-enabling the trans mitter, r eceiver, 
loopback circuit, and lighting up the LMON LED. 

The Vjhadj P |n ' s used to adjust the sensitivity of the 
receiver. The ML4663 is capable of exceeding the 
1 0BASE-FL specifications for sensitivity. The sensitivity is 
dependent on the layout of the PC board. A good low 
noise layout will exceed the 10BASE-FL specifications, 
while a poor layout will fail to meet the sensitivity and 
BER spec. 



The threshold generator shifts the reference voltage at 
Vjhadj through a circuit which has a temperature 
coefficient matching that of the limiting amplifier. The 
relationship between the Vjhadj an d the V TH (the peak to 
peak input threshold) is: 



Vjhadj = 408V TH 



(2) 



In a 10BASE-FL receiver there must be less than 1 x 10~ 9 
bit errors at a receive power level of-32.5dBm average. 
One procedure to determine the sensitivity of a receiver is 
to start at the lowest optical power level and gradually 
increase the optical power until the BER is met. In this 
case the Link Detect circuit must not disable the receiver 
(i.e. Vjhadj should be tied to Ground). Once the 
sensitivity of the receiver is determined, Vjhadj can De set 
just above the power level that meets the BER 
specification. This way the receiver will shut-off before the 
BER is exceeded. 

For 10BASE-FL Vjhadj can be tied directly to Vref- 
However if greater sensitivity is required the circuit in 
figure 5 can be used to adjust the Vjhadj voltage. Even if 
V REF is tied to V TH adj> it ' s a g°°d 'dea to layout a board 
with these two resistors available. This will allow potential 
future adjustments without board revisions. 

The response time of the Link Detect circuit is set by the 
Cjimer pin. Starting from the link off state the link can be 
switched on if the input exceeds the set threshold for a 
time given by: 

T= C TIMER x °- 7V 

700uA 

To switch the link from on to off, the above time will 
doubled. A value of 0.05uf will meet to 1 0BASE-FL 
specifications. 



(3) 
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Figure 5. 



DIFFERENCES BETWEEN 10BASE-FL AND FOIRL 

10BASE-FL is an improved version of the original FOIRL 
standard. The 10BASE-FL standard allows backward 
compatibility of a 10BASE-FL transceiver with a FOIRL 
transceiver. The main improvements incorporated into 
10BASE-FL are that it can attach to a DTE by adding the 
SQE test, and the distance has been increased from 1 Km 
to 2Km. The other differences are much more subtle. 
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1. SQE Test: The FOIRL standard did not include the 
option of attaching a fiber transceiver to a DTE. Adding 
the SQE test to 1 0BASE-FL enables a 1 0BASE-FL 
transceiver to attach to a DTE. 

2. to at Least 2Km Distance: The FOIRL standard 
specifies a 1 Km distance while 10BASE-FL specifies 2Km. 
The additional 1 Km distance for 10BASE-FL comes from 
an increased flux budget for the cable of 3.5dB. This 
3.5dB increase came from an increase of 2.5dB sensitivity 
for the receiver and a 1dB improvement for the 
transmitter. The following table illustrates the transmit and 
receive power requirements for the two standards. Note: 
FOIRL specifies optical power in peak and 10BASE-FL 
specifies it in average. Subtracting 3dB from peak will give 
the average. In the table below the FOIRL specifications 
were converted from peak to average power. 



TRANSMIT/RECEIVE 
AVERAGE POWER 


MIN 


MAX 


CONDITIONS 


FOIRL 


Transmitter 


-12dBm 


-21dBm 




Receiver 


-12dBm 


-30dBm 


BER< 10-10 


10BASE-FL 


Transmitter 


-12dBm 


-20dBm 




Receiver 


-12dBm 


-32.5dBm 


BER<10-9 



3. MAU State Diagrams are Different: The state diagrams 
for 10BASE-FL are similar to 10BASE-T, while the state 
diagrams for FOIRL are slightly different. The differences 
are in the AUI loopback, and in the link integrity function. 



AUI Loopback — In 10BASE-FL, the DO to Dl 
loopback is always disabled during a collision, and 
optical receive data is passed through to Dl. For 
FOIRL there are some cases where loopback 
continues (i.e. DO looped to Dl) during a collision, 
and others where loopback is disabled during a 
collision. 10BASE-FL is identical to 10BASE-T in this 
case. Please refer to the IEEE standards for greater 
detail. 

Link Integrity — 10BASE-FL adds an additional state 
to the Link Integrity Test function that will not allow 
an exit from the Low Light State until both the 
transmitter and receiver are idle. In FOIRL it is 
possible to exit from the Low Light State while still 
receiving data. 

MAU Timing Differences — The timing differences 
between 10BASE-FL and FOIRL relate to propagation 
delays, start-up delays, and collision deassert delays. 
The following table provides the details of these 
parameters. 



TIMING PARAMETER 
DIFFERENCES 


FOIRL 
(BIT TIMES) 


10BASE-FL 
(BIT TIMES) 


ORD_input to input on Dl 


Steady State Prop Delay 


0.5 


2 


Start-Up Delay 


3.5 


5 


output on DO to OTD_output 


Steady State Prop Delay 


0.5 


2 


Start-Up Delay 


3.5 


5 


Collision Deassert to 
SQE Deassert minimum 


4.5 






OTD — Optical Transmit Data 
ORD — Optical Receive Data 
Dl, DO, CI — AUI Interface Signals 



TIMING DIAGRAMS 
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Figure 6. Transmit and Loopback Timing 
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Figure 7. Receive Timing 
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Figure 8. Collision Timing 
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TIMING DIAGRAMS 
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Figure 9. Collision Timing 
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Figure 10. Collision Timing 
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Figure 11. SQE Timing 
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TIMING DIAGRAMS 
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Figure 1 2. Jabber Timing 
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Figure 1 3. LED Timing 



ORDERING INFORMATION 



PART NUMBER 


PIN COUNT 


PACKAGE 


ML4663CQ 


28 Pins 


Molded PCC (Q28) 
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ML4663EVAL 



1 0BASE-FL Evaluation Kit 



GENERAL DESCRIPTION 

The ML4663EVAL is an external MAU designed to 
evaluate the ML4663 10BASE-FL PMD chip. The board 
interfaces to the AUI port through the transformer and to 
the fiber optic cable through the HP fiber optic transmitter 
and receiver. 

FEATURES 

■ Jumper switches to enable or disable Loop Back. 

■ Jumper switches to enable or disable SQE and Jabber 
functions. 

■ Capable of adjusting the receive sensitivity. 

■ 6 status LEDs. 

■ Current consumption 260-280mA typically 



KIT COMPONENTS 

The ML4663EVAL kit includes the following items to help 
the customer speed their design, layout and debug 
process. 

1 ) BLANK PCB: 4 layer board with separate power and 
ground plane (inner layers). 

2) COMPONENT KIT: Includes the key components as 
listed below. The rest of the components should be 
provided by the customer based on the parts list of the 
ML4663EVAL. 

■ HFBR1414: HP fiber Optic LED transmitter. 

■ HFBR241 6: HP fiber optic pin diode receiver. 

■ One 28 pin sockets for the ML4663. 

■ ML4663CQ: 10BASE-FL combo transceiver and 
quantizer. 

■ PE65728: PULSE AUI coupling transformer. 

■ AUI CONNECTOR: 1 5 pins D SUB connector. 

3) DOCUMENTATION: includes the following items: 

■ Demo board description. 

■ Block Diagram of the DEMO board. 

■ Schematic of the demo board. 

■ Lay out of the demo board. 

■ Parts list of the ML4663EVAL. 



BLOCK DIAGRAM 



+5V GND 

T T 



ML4663 



-0+5V 
-OGND 



FILTER 
(POWER 
GROUND) 



u> 



+Vrf 

-o-Vrf 



+5V 

JL 



HFBR 
1414 



+Vrf 

JL 



HFBR 
2416 



T 

-Vrf 



3^ Micro Linear 



4-113 



M^ Micro Linear 



November 1 994 
ADVANCED INFORMATION 

ML4670 



Multi-Protocol Physical Interface 



GENERAL DESCRIPTION 

The ML4670 Multi-Protocol Interface Device is designed 
primarily for use in and with bridge, router and frame 
relay equipment. The device provides the serial 
communications interface for DCE or DTE applications 
that require RS-232, RS-449, X.21/V.36 or V.35 protocols. 

The ML4670 offers system designers a single chip that 
provides the physical electrical interface for the four most 
commonly used serial protocols. The device is 
programmable with standard, static TTL levels that select 
the desired electrical interface for clock, data and 
diagnostic local loopback control. The selection of the 
desired interface alters the characteristics of the line 
drivers and receivers such that the proper interface is 
available for transmit and receive of clock, data, and 
control signals for the above listed protocols. The 
flexibility of the ML4670 allows the implementation of a 
single device that can be configured to interface with any 
one of the four desired protocols. 



FEATURES 

■ Programmable physical interfaces for RS-232, RS-449, 
X.21/V.36, V.35 

■ Supports DCE/DTE transmit and receive clocks as well 
as data and control signals 

■ 200mV hysteresis on all receive inputs for noise 
immunity 

■ 1 0Mb/s data and clock rates for high-speed V.35, X.21 , 
and RS-449 protocols 

■ DTE/DCE function selectable by single pin 

■ Resistor programmable slew rate for RS-232 
transmitters 

■ Pin selectable diagnostic loopback mode 

■ ±1 2V or ±6V power supply flexibility for RS-232 
implementation 

■ 84-pin PLCC package 
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PRELIMINARY 

ML6622 



High-Speed Data Quantizer 



GENERAL DESCRIPTION 

The ML6622 High-Speed Data Quantizer is a low noise, 
wide-band, BiCMOS monolithic IC designed specifically 
for signal recovery applications in FDDI and SONET fiber- 
optic receiver systems. An internal DC restoration 
feedback loop nulls any offset voltage produced in the 
input stage. The limiting amplifier contributes to a high 
level of sensitivity and a minimum of duty cycle 
distortion. 

The output of the data path is a high-speed comparator 
with ECL outputs. An enable pin gates the comparator on 
or off in response to the input signal level or a system 
control signal. 

The Link Detect circuit provides an Assert- Deassert 
function with a user-selectable threshold voltage. This 
circuit monitors the input signal and provides an ECL High 
output within 100ms of signal acquisition and an ECL Low 
output within 350ms of signal loss. The ECL discriminator 
output can be used to disable the comparator when the 
signal is below the user-selected threshold. LINKLED 
drives an LED for a visible indication of the link status. 



FEATURES 

■ 1 50 MHz bandwidth 

■ Low noise design 

■ Adjustable Link Detect function 

■ Low power design: 35mA typical 

■ Available in 16-pin DIP and 16-pin Skinny SOIC 
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PIN DESCRIPTION 

PIN# NAME^ FUNCTION 



NAME PIN# 



FUNCTION 



1 ENABLE ECL input active Jow. When this input 

is tied to LINKLED the ECL comparator 
output is automatically enabled and 
disabled by the Link Detect circuit. 
This input can be tied to GND for 
continuous enable. When the ECL 
Comparator is disabled, ECL OUT- 
goes low and ECL OUT+ goes high. 

2 LINKLED Link Detect Status output. LINKLED is 

an open collector active low signal. It 
will be active low when the input 
signal applied to V|n+,V|n_ exceeds 
the programmed threshold level at the 
THIN pin. Capable of driving a 20mA 
LED indicator. 

3 Vcc Positive Power Supply. +5 volts 

4 ECL OUT- Positive and Negative ECL Comparator 

5 ECL OUT+ outputs. 1mA internal pull downs are 

incorporated so that external pull 
downs aren't required for light loads. 

6 GND Ground connection. Used for less 

noise sensitive nodes. 

7 LINK+ Positive ECL Link Detect output. 

Active high when the input signal 
exceeds the programmed Link Detect 
threshold. 1mA internal pull down 
current sources. 

8 LINK - Negative ECL Link Detect output. 

Active low when the input signal 
exceeds the programmed Link Detect 
threshold. 1mA internal pull down 
current sources. 

9 Vref A 2.5V reference with respect to GND. 



10 THIN Threshold Input. A voltage applied to 

this input pin sets the minimum 
amplitude of the input signal required 
to cause the link detect to activate. In 
most cases this can be tied to Vref- 

11 GNDA Ground connection for noise sensitive 

circuits in the chip; the input amplifier, 
DC restoration loop, part of the 
Comparator and part of the link detect 
circuit. In some system designs, it may 
be advantageous to separate GND and 
GNDA. 

12 V|N_ This input pin should be capacitively 

coupled to the input source or to Vcc- 

13 V||s| + This input pin should be capacitively 

coupled to the input source or to V C c- 

14 VccA Positive power supply Vcc f° r noise 

sensitive circuits as mentioned in 
GNDA. +5 volts. 

1 5 CAP A capacitor is tied from this pin to 

v ref- This capacitor sets the lower 
frequency rejection and helps remove 
internal DC offset. This capacitor 
should be 10 times larger than the 
input capacitors. 

1 6 Cjimer A capacitor from this pin to ground 

determines the Link Detect response 
time. To Meet FDDI specifications this 
capacitor should be 2,000pF. This 
capacitor can be removed for faster 
response time. 



PIN CONNECTION 



ML6622 
16-Pin DIP (P1 6) 



ML6622 
16-Pin Narrow SOIC (S16N) 



ENABLE Q 


1 


W 


16 


3 CTIMER 


LINKLED Q 


2 




15 


3 CAP 


Vcc C 


3 




14 


3 V CCA 


ECL OUT+ Q 


4 




13 


3 V| N + 


ECL OUT- Q 


5 




12 


3 VlN- 


GND Q 


6 




11 


3 GNDA 


LINK+ Q 






10 


3 THIN 


LINK- Q 


8 




9 


3 V REF 



ENABLE QI 
LINKLED r~T~ 

vcc HE 

ECL OUT+ QI 

ECL OUT- QI 

GND QI 

LINK+ QI 

LINK- QI 




16 UU CTIMER 
15 3U CAP 
~TI V CC A 

T"l v, N + 
Tl v, N - 

11 33 GNDA 

10 "□ TH,N 
9 UU Vref 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

V cc - GND -0.3 to +7.0 

V CC A - GNDA -0.3 to +7.0 

Inputs/Outputs GND -0.3 to V C c +0.3 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 



ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions of Ta = 0°C to 70°C, V cc = 5V ±5%, GND = 0V, 
unless otherwise noted. (Note 1) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


'cc 


Vcc Supply Current 
(No load on ECL outputs) 






35 


50 


mA 


Vref 


Reference Voltage 




2.37 


2.47 


2.57 


V 


IVref 


Vref Output Current 




-1 


3 


+5 


mA 


V,N 


Input Signal Range 




3.5 




1600 


mVp.p 


v TH ADJ 
Range 


External Voltage 
at THIN to set V T h 




0.5 




Vref 


V 


EN 


Input-referred Voltage Noise 


100 MHz BW 




25 




uVr MS 


RiN 


Input Resistance 


V|N+/ V| N - 


500 


770 


1000 


a 


'thin 


Input Bias Current of THIN 




-100 




+100 


uA 


VOL-VCC 


ECL Output Voltage-Low 


Through 50ft to V CC -2V, T A = 25° C 


-1 .840 


-1.730 


-1 .620 


V 


V OH" V CC 


ECL Output Voltage-High 


Through 50O to V CC -2V, T A = 25° C 


-1 .045 


-0.963 


-0.880 


V 


t r 


Data Output Rise Time 










ns 


tf 


Data Output Fall Time 




0.35 




1.3 


ns 


Link Detect 


AS_Max 


Assert Time (off to on) 


Ctime = 2000pF 







100 


lis 


ANS_Max 


Deassert Time (on to off) 


C T1M E = 2000pF 







350 


u,s 


Vth 


Input threshold 
Hysteresis 


THIN = V REF Assert 


8 
1.5 


10 
1.7 


12 
2 


mV 
dB 


BW 


Bandwidth 1-3dB 






200 




MHz 


VI PW 


Minimum Input Pulse Width 






5 




ns 


DCD 


Duty Cycle Distortion 
Peak-to-peak 


Data rate = 1 55Mb/s 
50% duty cycle input 




0.5 




ns 


DDJ 


Data Dependent Jitter 
Peak-to-peak 


FDDI - 56 Data Pattern 

V| N = 60mV, Data rate = 1 25Mb/s 




1.2 




ns 



Note 1 : Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case conditions. 
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FUNCTIONAL DESCRIPTION 

The ML6622 High Speed Data Quantizer accepts a low 
level analog signal from a pin diode and transimpedance 
amp front end and converts it into digital ECL levels for 
subsequent digital processing. The input signal, from a 
transimpedance amplifier, is immediately amplified by a 
two-stage video amplifier. The output of this amplifier 
feeds two parallel paths. 

The data path is comprised of a high speed comparator 
that outputs PECL differential data on the ECL OUT± pins. 
The Link Detection path monitors the magnitude of the 
amplified input signal, compares it to a user-settable 
threshold, and provides the result of the comparison as a 
PECL differential output on the Link± pins. The timer 
following the threshold block is used to set the Link 
Detect output acquire and deacquire time using a 
capacitor. 

AMPLIFIER 

The amplifier is a two stage video amplifier with a gain of 
approximately 55V/V. Maximum sensitivity is achieved 
through the use of the DC restoration feedback loop and 
AC coupling the input. The AC coupling input capacitors, 
in conjunction with the input impedance of the amplifier, 
establishes a high pass filter with the lower 3dB point 
determined by the input resistance and the input coupling 
capacitors. 

Since the amplifier has a differential input, two AC 
capacitors of equal value are required. If the signal driving 
the input is single ended, the other coupling capacitor 
should be tied to Vco 

Another low-pass filter is created with the CAP capacitor. 
The lower 3dB point controlled by a capacitor tied from 
the CAP pin to Vref as shown in the application circuit. 
For stability reasons the value of the capacitor on the CAP 
pin should be 10 times larger than the input coupling 
capacitors. The 3dB point is given by the following 
equation: 



COMPARATOR 

A high speed ECL comparator with PECL outputs is used 
for the quantization function. The comparator has an 
Enable input pin which takes an ECL level. This Enable 
pin is normally driven by LINKLED, which causes the 
output to be enabled when the link is up and disabled 
when the link is down. When ENABLE is low the 
comparator is operational. When ENABLE is high the 
comparator is disabled causing ECL OUT- to go low and 
ECL OUT+ to go high. The ENABLE pin can be tied to 
ground to keep the comparator permanently enabled. 

LINK DETECT CIRCUIT 

The Link Detection Circuit is used to accurately measure 
the input amplitude to determine whether it is large 
enough to reliably recover the input signal. Once the Bit 
Error Rate (BER) for the ML6622 receive circuit is 
determined, the link detect threshold can be set so that the 
Link Detect Circuit will shut off before the error rate 
exceeds the link requirement. 

The Link Detection Circuit consists of three functional 
blocks; Thresh, Timer, and Link Out. Thresh detects the 
output of Amp and compares it to a programmable 
threshold input THIN. As long as the input amptitude is 
greater than the programmable threshold input, the Link 
Detect output remains active. 

When the peak input drops below THIN, Thresh's output 
changes state and Timer delays the Link Out state change 
for a programmable amount of time. When using the 
default Cjime capacitance of 2000pF, the deassert time 
and the assert time values conform to the ANSI X3.1 66- 
1990 PMD standard for FDDI. 

To improve stability, the Link Detect circuit includes 1 .7dB 
of hysteresis. 

The Vref output can be tied directly to THIN to set the 
Link Detect threshold. For greater sensitivities, Vref can 
be divided down before applied to THIN. The formula for 
the threshold on the thin pin is as follows: 



F 3dB = " 



1 



2tc100C 

Although the input is AC coupled, the offset voltage 
within the amplifier will be present at the amplifier's 
output. The removal of the dc offset in the amplifier helps 
the circuit respond to small input voltages, and reduces 
duty-cycle distortion. In order to reduce this error, a 
negative feedback loop nulls the offset voltage. An 
external capacitor connected to the CAP pin is used to 
store the offset voltage. This voltage is compared to V RE p 
and a difference current proportional to the result is 
applied to the negative side of the input stage of the AMP 
circuit block thereby nulling the DC offset. 



Threshold(Assert) = -°^ 
500 



Threshold(Deassert) = THIN 
750 
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APPLICATION CIRCUIT 




ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6622CP 
ML6622CS 


0° to +70°C 
0° to +70°C 


16-Pin MOLDED DIP (P1 6) 
16-Pin MOLDED SOIC(S16N) 
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March 1994 
PRELIMINARY 

ML6633 



High Speed Fiber Optic LED Driver 



GENERAL DESCRIPTION 

The ML6633 is a high speed fiber optic LED driver suited 
for networking applications up to 200 Mbps. The part is 
capable of driving up to 75 mA of current through a fiber 
optic LED from an ECL level input signal. Its efficient 
output stage provides a high current that can be 
programmed for accurate absolute output level which 
insures precise launch power. 

The LED driver's output stage provides a fast well 
matched rise and fall time through a unique differential 
output stage. 

The ML6633 high speed fiber optic LED driver is 
implemented in BiCMOS process and is available in an 
8-pin SOIC or PDIP package. 



FEATURES 

■ Data rates up to 200 Mbps 

■ Current driven output for accurate launch power 

■ Programmable output current from 20 mA to 75 mA 

■ High Efficiency Output Stage 

■ Low EMI/RFI Noise 

■ ECL inputs 

APPLICATIONS 

■ Fiber Optic Token Ring 

■ FDDI 

■ SONET OC1 and OC3 

■ Fiber Optic Data Communications 
and Telecommunications 



BLOCK DIAGRAM 



PIN CONNECTION 



ECLP 
ECLN 

V C C 





IOUT 
RTSET 



8-Pin SOIC or PDIP 



NC C 
ECLP C 
ECLN E 

NC C 



8 ] Vcc 

7 2 IOUT 

6 3 RTSET 

5 H GND 



TOP VIEW 
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PIN NO. NAME DESCRIPTION 



1 NC 

2 ECLP Positive ECL data input controls signal 

to the LED. 

3 ECLN Negative ECL data input. 

4 NC 

5 GND Negative power supply ground. 



PIN NO. NAME DESCRIPTION 



RTSET Output current programming pin. 

Connect a resistor of value 2/Iled fr° m 
this pin to ground to set the high LED 
output current. 

IOUT Fiber optic LED drive pin. Connect the 
LED between this pin and Vcc- 

Vcc Positive power supply. +5 volts. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

V cc -03V to 6V 

Input Pin Voltages -0.3V to V C c +0.3V 

LED Output Current (IOUT) 75mA 



Peak DC Output Current (IOUT) 75mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec) 260°C 



ELECTRICAL CHARACTERISTICS 

Over the recommended operating conditions of T A = 0°C to 70°C, V C c = 5V ± 5%, RTSET = 26.1 Q ± 1 %, unless 
otherwise specified. (Notes 2 and 3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


'cc 


Supply Current 








40mA+loui 


mA 


l|_EDH 

■ledl 


LED Current 
Accuracy (IOUT) 

High 

Low 




70 


75 


80 
0.1 


mA 
mA 


tR 


Rise Time (IOUT) 








2 


ns 


tF 


Fall Time (IOUT) 








2 


ns 


tpLH 
tpHL 


Propagation Delay 

(IOUT) 
Low to High 
High to Low 








10 
10 


ns 
ns 


tpWD 


Pulse Width Distortion 
(IOUT) 








1.0 


ns 


"ECL 


ECL Input Current 








20 


uA 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground 
Note 2: Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case test conditions 
Note 3: Low Duty Cycle pulse testing is performed at T A . 
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FUNCTIONAL DESCRIPTION 

The ML6633 accepts ECL input signals and generates a 
high speed, high accuracy output current which is 
independent of supply voltage variations. The output 
current is programmable from 75mA. 

The ECL input stage is a standard NPN differential pair 
with a common mode range of between 1 V and 4.5V with 
a +5V supply. With this common mode range it is possible 
to convert the ECL inputs into TTL. If the ECLN input is 
biased up to the TTL switching level, the ECLP pin can be 
driven by a TTL or CMOS output. Figure 1 b shows a 
circuit implementing this technique. This circuit may 
degrade pulse width distortion and should be checked for 
acceptable performance in this configuration. 



Output current to the LED is set by connecting the 
appropriate resistance from RTSET to ground. The high 
level output voltage at RTSET will be 2.0V. The current in 
the external resistor will be equal to the current through 
the LED. The output current with RTSET set to 26.1 Q will 
be: 

l LED (HIGH) = 2.0V/Rtset = 2.0V/26.1ft = 75mA. 




a > 'out = 75mA 



+5V +5V 

Q 



NC 
TTLIN < 



Ji. NC 



C7 

Vcc 

ECLP loUT 

ECLN RTSET 



GND 



■/ 



± 



b) 
Figure 1. Typical Applications 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6633CP 


0°C to +70°C 


8-Pin Molded DIP (P08) 


ML6633CS 


0°C to +70°C 


8-Pin SOIC (S08N) 



%,Mi 



icro 
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ML6633/22EVAL 



High Speed Fiber Optic Evaluation Kit 



GENERAL DESCRIPTION 

The ML6633/22 evaluation kit is designed for high speed 
fiber optic applications such as 125Mbaud FDDI (Fiber 
Data Distributed Interface), OC1 and OC3 SONET 
(Optical Carrier-level 1 and 3 for Synchronous Optical 
Network), and Fiber Channel. 

Data inputs and outputs of the ML6633/22EVAL board 
are designed for high speed ECL lines. 50/125Lim or 
62.5/1 25uxn fiber optic cable with an ST connector at 
each end plugged into a 1300nm fiber optic LED and a 
pin detector in the demo board. 



FEATURES 

■ Adjustable link detect function through R3 and R4 

■ Fast rise and fall time at the transmitter 

■ Link LED status 

■ Low noise design 

KIT COMPONENTS 

■ ML6633/22 user guide 

■ ML6633 data sheet 

■ ML6622 data sheet 

■ ML6633/22 assembled Eval board 

■ 3.5" disk with Gerber Files 

The user guide includes performance data, layout 
recommendation, layout, schematic, parts list and a 
tutorial on how to use the demo board. 



BLOCK DIAGRAM 



_r 



tv T° 1 



— . . 1 o VCCA 

TV To i 

1 i 1 O GNDA 
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TP-PMD Transceiver 



GENERAL DESCRIPTION 

The ML6671 Is a complete monolithic transceiver for 1 25 
Mbaud MLT-3 encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The adaptive equalizer in the ML6671 will accurately 
compensate for line losses of up to 100m of UTP. The part 
requires only external 1% resistors for accurate 
equalization. 

The ML6671 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
The ML6671 also contains data comparators with 
precisely controlled slicing thresholds and an MLT-3 to 
NRZI translator. An ECL 100K compatible buffer at the 
output interfaces directly with existing FDDI PHY silicon 
from various manufacturers. 

The ML6671 transmit section accepts ECL 100K 
compatible NRZI inputs and converts them to differential 
current mode MLT-3 signals. Transmit amplitude is 
controlled by a single external resistor. 

Several additional functions are provided by the ML6671 
to simplify applications. A common-mode reference is 
provided to set the input DC level for the equalizer and 



the near-end transformer winding. This terminal may be 
used as an AC ground for the transformer center-tap or 
termination resistors. The transmitter can be disabled to 
provide true quiet line. 

The ML6671 is implemented in a BiCMOS process. A 
differential signal path throughout minimizes the effects of 
power supply transients and noise. 

FEATURES 

■ Transmitter converts NRZI ECL signals to MLT-3 current 
driven outputs 

■ Transmitter can be externally turned off for 
true quiet line 

■ Receiver includes adaptive equalizer and MLT-3 to 
NRZI decoder 

■ Operates over 1 00 meters of STP or category 5 UTP 
Twisted Pair Cable 

■ 32-pin surface mount package 

APPLICATIONS 

■ FDDI over copper (TP-PMD) 

■ Fast Ethernet (100BASE-TX) 



BLOCK DIAGRAM 



TVCCA TVCCD 



RTSET 

rWVi 




TGNDA TGNDD 



W/J 



W/J 



RRSET2T I T 

L^^J I I I 

RRSET RVCCA RVCCD CMREF 
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PIN CONFIGURATION 



= S i- <N 

u a. a. 
3 3 



RXOUT+C 5 
RVCCDlZ 6 

SD-C 7 
SD+C 8 
N/CC 9 

tcnddCio 
lpbkCh 

TXOFFC12 

N/C[Z 13 



nnnnnn 



32-LEAD PCC 



14 15 16 17 18 19 

u u u u u u 
i i 8 E S 5 



29 H RRSET1 
28 Z3 RRSET2 
27 Z\ RSET1 
26 I] RSET2 
25 H RGND 
24 []] RTH1 
23 Z\ RTH2 
22 ^j TVCCA 
21 Z\ TGNDA 



RRSET1 \2 

TPIN- Q 2 

TPIN+ \2 3 

CMREF Q 4 

CAP2 [2 5 

CAP1 \Z 6 

RVCCA Q 7 

RXOUT- [Z 8 



/ 32 



fc t g 

£ £ £ 

n n n n n 



5 a 

O 2 

n n 



31 30 29 28 27 26 25 



32-PIN TQFP 



10 11 12 13 14 



u u u u u u 



15 16 

TTTX 



24 [] TPOUT- 
23 [] TPOUT+ 
22 ^ TRSET2 
21 ~Z\ RTSET1 
20 Z] TVCCD 



Z] TXIN- 
Z\ TXIN+ 

]n/c 
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PIN DESCRIPTION 



NAME 



FUNCTION 



TXJN+,TXIN- 



TPOUT+, 
TPOUT- 



LPBK 



TXOFF 

RTSET1, 
RTSET2 



TVCCA, 
TVCCD 



TGNDA, 
TGNDD 

SD+, SD- 



TPIN+,TPIN- 



These differential ECL100K compatible 
inputs receive NRZI data from the PHY for 
transmission. 

Outputs from the NRZI-MLT3 state 
machine drive these differential current 
outputs. The transmitter filter/transformer 
module connects the media to these pins. 
This TTL input enables transmitter- 
receiver loopback internally when 
asserted low. 

This TTL input forces the NRZI-MLT3 state 
machine to a quiet state when asserted low. 

An external 1 % resistor connected 
between these pins controls the 
transmitter output current amplitude. 
Iout = 64 x 1 .25V/RTSET 
Separate analog and digital transmitter 
power supply pins help to isolate 
sensitive circuitry from noise generating 
digital functions. Both supplies are 
nominally +5 volts. 
Analog and digital transmitter grounds 
provide separate return paths for clean 
and noisy signals. 

These differential ECL100K compatible 
outputs indicate the presence of a data 
signal with an amplitude exceeding a 
preset threshold. 

MLT-3 encoded data from the receiver filter/ 
transformer module enters the receiver 
through these pins. 



NAME 



FUNCTION 



RXOUT+, 
RXOUT- 
CAP1,CAP2 



RRSET1, 
RRSET2 



CMREF 

RVCCA, 
RVCCD 



RGND 
RSET1,RSET2 

RTH1,RTH2 



Differential ECL100K compatible outputs 
provide NRZI encoded data to the PHY. 
Two external capacitors connected to 
these pins sets the time constant for the 
adaptation in the equalizer loop as well 
as for signal detect response. 

Internal time constants controlling the 
equalizer's transfer function are set by an 
external resistor connected across these 
pins. 

This pin provides a DC common mode 
reference point for the receiver inputs. 

Analog and digital supply pins are 

separated to isolate clean and noisy 

circuit functions. Both supplies are 

nominally +5 volts. 

Receiver ground. 

An external 5KQ, resistor across these pins 

sets up an internal reference current. 

An external resistor connected across 
these pins sets the internal levels for 
equalization as well as signal detect. This 
resistor allows compensation for transmit 
and magnetics variations. RTH should be 
set to match the peak-to-peak transmit 
amplitude. Vamp = 1 6 x 1 .25 x RTH/RSET 
where Vamp ' s tne peak-to-peak 
amplitude of the transmit output with 
zero length cable. 
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OPERATING CONDITIONS 

V cc Supply Voltage 5V ± 5% 

T A , Ambient Temperature 0°C to +70°C 

RTSET 2KQ±1% 

RRSET 8Kft±1% 

RSET 5KQ±1% 

RTH 500ft ±1% 

CAP1 , CAP2 0.33U.F ±5% 



ABSOLUTE MAXIMUM RATINGS 

V C c Supply Voltage Range -0.3V to 6V 

Input Voltage Range 
Digital Inputs -0.3V to V C c 

Output Current 

TPOUT±, SD±, RXOUT± 50mA 

All other outputs 10mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering, 10 sec) 260°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T M[N to T MAX , Vcc = 5V ±5%, RTSET = 2.0KQ, RTH = 500ft. 



PARAMETER 



CONDITIONS 



MIN TYP 



MAX 



UNITS 



DC Characteristics 



Supply Current 












RVCCD 






67 




mA 


RVCCA 






52 




mA 


TVCCD 






25 




mA 


TVCCA 






6 




mA 


RVCCD + RVCCA + TVCCD + TVCCA 








170 


mA 



TTL Inputs (TXOFF, LPBK) 



Vil Input Low Voltage 








0.8 


V 


V|h Input High Voltage 




2.0 






V 



Differential Inputs (TPIN±, TXIN±) 



TPIN+, TPIN- 

Common Mode Input Voltage 




2.2 




Vcc 


V 


TPIN+, TPIN- 
Differential Input Voltage 








1.5 


V 


TPIN+, TPIN- 

Differential Input Resistance 




10.0K 






a 


TPIN+, TPIN- 

Common Mode Input Current 








+10 


uA 


TXIN+, TXIN- 

Input Voltage HIGH (V, H ) 




Vcc-1.165 




Vcc-0.88 


V 


TXIN+, TXIN- 

Input Voltage LOW (V iL ) 




V C c-1.810 




Vcc-1 -475 


V 


TXIN+, TXIN- 

Input Current LOW (l !L ) 




0.5 






MA 


TXIN+, TXIN- 

Input Current HIGH (l| H ) 








50 


uA 



Differential Outputs (SD±, RXOUT±, TPOUT±) 



SD+, SD- RXOUT+, RXOUT- 
Output Voltage HIGH (V h) 


Note 5 


Vcc-1 -025 




Vcc-0.88 


V 


SD+, SD- RXOUT+, RXOUT- 
Output Voltage LOW (Vql) 


Note 5 


Vcc-1 -81 




Vcc-1 .62 


V 


TPOUT+, TPOUT- 
Output Current HIGH 


Vout = V C c ± 0.5, Note 4 


38.0 




42.0 


mA 


TPOUT+, TPOUT- 
Output Current LOW 


Vqut = V C c ± 0.5, Note 4 







0.5 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Differential Outputs (SD±, RXOUT±, TPOUT±) (Continued) 



TPOUT+, TPOUT- 
Output Current Offset 


Note 3 






0.5 


mA 


TPOUT+, TPOUT-Vqut = V C c 
Output Amplitude Error 


Note 3, 4 


-5.0 




5.0 


% 


TPOUT+, TPOUT-Vqut = V C c ±1 -1 V 
Output Voltage Compliance 




-2.0 




+2.0 


% 



AC Characteristics 



TPOUT+, TPOUT- 
Rise/Fall Time 


Note 2 




2.0 




ns 


TPOUT+, TPOUT- 
Output Jitter 


Note 2 




0.8 




ns 


RXOUT+, RXOUT- 
Rise/Fall Time 


Note 2 






5 


ns 


RXOUT+, RXOUT- 
Output Jitter 


Note 2 




2.0 




ns 



Note 1. Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2. Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3. Low Duty cycle pulse testing is performed at T^. 
Note 4. Output current amplitude is determined by Iout = 64 x 1 25V/RTSET. 
Note 5. Output voltage levels are specified when terminated by 50Q to V cc - 2V or equivalent load. 
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FUNCTIONAL DESCRIPTION 

The ML6671 MLT-3 transceiver is a physical media 
dependent transceiver that allows the transmission and 
reception of 1 25 Mbaud data up to 100 meters over 
shielded twisted pair cable or category 5 unshielded 
twisted pair cable. It provides a standard Physical Media 
Dependent (PMD) interface compatible with many FDDI 
chip sets. 

The transmit section accepts NRZI data, converting it to a 
three level MLT-3 code and sending the information on a 
two pin current driven transmitter. The transmitted output 
passes through an external low pass filter and transformer 
before entering the connectors to the STP or UTP cable. 
The output amplitude of the transmitted signal is 
programmable through the external RTSET resistor. 

The receive section accepts MLT-3 coded data after 
passing through an isolation transformer and band limiting 
filter. Before the data con be converted from MLT-3 back 
to NRZI, the adaptive equalizer is used to compensate for 
the amplitude and phase distortion incurred from the 
cable. The adaptive control section determines the cable 
length and adjusts the equalizer accordingly. 



The adaptive control block governs both the equalization 
level as well as the link detection status. The link detection 
threshold has a fixed relationship to the overall equalization 
level which is currently 25% of tfie transmitted amplitude. 
For the link status to be true, a minimum level signal must 
be received. When the input signal is small, the equalization 
will be at its maximum. 

After the signal has been equalized, it passes into the MLT-3 
to NRZI converter where it is converted back to NRZI 
and fed through the loopback multiplexer onto the 
RXOUT± pins. 

Figure 1 shows a timing diagram of NRZI data and the 
equivalent MLT-3 data. The MLT-3 data shows the output 
current Iqut f° r one side of the transmitter, either 
TPOUT+ or TPOUT-. The other transmit output pin will 
be the complement. Whenever there is a change in level 
in NRZI, MLT-3 will change levels too. The maximum 
fundamental frequency of MLT-3 is half of the maximum 
fundamental of NRZI. 

Figure 2 shows a typical gain vs frequency plot of the 
adaptive equalizer for 0, 25, 50, 75 and 100 meter 
category 5 cable lengths. 
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Figure 1 . MLT-3 Encoding 



Figure 2. Equalization Range 
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Application Example of ML6671 Configured for 2.0V P . P Transmit Amplitude on C5 UTP. 



Note 1 . Split 1 00K ECL terminations are 82Q and 1 30Q to VCC and GND respectively. 

Note 2. Recommended power supply bypass capacitors are 0.1 pxF with optional 1 0jiF tantalum in parallel. 

Note 3. Transformer turns ratio is 1 :1 . 

Note 4. LPBK and TXOFF inputs are active LOW. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6671CQ 


0°C to +70°C 


32-Pin Molded Leaded PCC (Q32) 


ML6671CH 


0°C to +70°C 


32-Pin TQFP (H32) 
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ML6671-22EVAL 



TP-PMD Transceiver Evaluation Kit 



GENERAL DESCRIPTION 

The ML6671-22EVAL board is a TP-PMD transceiver 
designed to replace an existing 1402U ODL FDD! 
transceiver (22-pin). This permits the conversion of an 
existing fiber-based FDDI adapter card or concentrator to 
a copper-based FDDI design. 

At one end, the ML6671 demo board interfaces to an RJ45 
connector through a transformer and common mode 
choke. The other end of the evaluation board interfaces to 
a 22-pin ODL footprint. 



FEATURES 

■ Loop back capability 

■ Quiet line by turning the transmitter off 

■ Low jitter 

■ Fast rise and fall times at the transmitter 

KIT COMPONENTS 

■ ML6671 -22EVAL user guide 

■ Application Note 28 

■ ML6671 data sheet 

■ Assembled evaluation board 

■ 3.5" disk with Gerber Files 

The user guide includes performance data, layout 
recommendations, layout, schematic, parts list and a 
tutorial on how to use the demo board. 
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ML6672 



ATM UTP Transceiver 



GENERAL DESCRIPTION 

The ML6672 is a complete monolithic transceiver for 
1 55Mbps NRZ encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The ML6672 is compliant with the ATM Forum 1 55Mbps 
Twisted Pair Specification. The adaptive equalizer in the 
ML6672 will accurately compensate for line losses of up 
to 100m of UTP. The part requires only external 1% 
resistors for accurate equalization. 

The ML6672 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
An ECL 100K compatible buffer at the output interfaces 
directly with ATM physical interface chips. 

The ML6672 transmit section accepts ECL 100K 
compatible NRZ inputs. 

Several additional functions are provided by the ML6672 
to simplify applications. A common-mode reference is 
provided to set the input DC level for the equalizer and 
the near-end transformer winding. This terminal may be 



used as an AC ground for the transformer center-tap or 
termination resistors. A link status circuit monitors line 
integrity and provides a proper logic level output signal to 
interface with the host system. 

The ML6672 is implemented in a BiCMOS process. A 
differential signal path throughout minimizes the effects of 
power supply transients and noise. 

FEATURES 

■ Complies with ATM Forum 1 55Mbps Twisted Pair 
Specification 

■ Transmitter can be externally turned off for 
true quiet line 

■ Receiver includes adaptive equalizer 

■ Operates over 1 00 meters of STP or category 5 UTP 
Twisted Pair Cable 

■ 32-pin surface mount package 

■ Semi-standard options available 
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PIN CONFIGURATION 
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PIN DESCRIPTION 



NAME 



FUNCTION 



TX| N +, TX| N - 



TPOUT+, 
TPOUT- 



LPBK 



TXOFF 

RTSET1, 
RTSET2 



TVCCA, 
TVCCD 



TGNDA, 
TGNDD 

SD+, SD- 



TPIN+, TPIN- 



These differential ECL100K compatible 
inputs receive NRZ data from the PHY for 
transmission. 

Outputs from the NRZ buffer drive these 
differential current outputs. The 
transmitter filter/transformer module 
connects the media to these pins. 
This TTL input enables transmitter- 
Receiver loopback internally when 
asserted low. 

This TTL input forces the NRZ buffer to a 
quiet state when asserted low. 

An external 1 % resistor connected 
between these pins controls the 
transmitter output current amplitude. 
Iqut = 64 x 1 .25V/RTSET 
Separate analog and digital 
transmitter power supply pins help to 
isolate sensitive circuitry from noise 
generating digital functions. Both supplies 
are nominally +5 volts. 
Analog and digital transmitter grounds 
provide separate return paths for clean 
and noisy signals. 

These differential ECL100K compatible 
outputs indicate the presence of a data 
signal with an amplitude exceeding a 
preset threshold. 

NRZ encoded data from the receiver filter/ 
transformer module enters the Receiver 
through these pins. 



NAME 



FUNCTION 



RXOUT+, 
RXOUT- 
CAP1,CAP2 



RRSET1, 
RRSET2 



CMREF 

RVCCA, 
RVCCD 



RGND 
RSET1,RSET2 

RTH1,RTH2 



Differential ECL100K compatible outputs 
provide NRZ encoded data to the PHY. 
Two external capacitors connected to 
these pins sets the time constant for the 
adaptation in the equalizer loop as well 
as for signal detect response. 
Internal time constants controlling the 
equalizer's transfer function are set by an 
external resistor connected across these 
pins. 

This pin provides a DC common mode 
reference point for the receiver inputs. 
Analog and digital supply pins are 
separated to isolate clean and noisy 
circuit functions. Both supplies are 
nominally +5 volts. 
Receiver ground. 

An external 5K£2 resistor across these pins 
sets up an internal reference current. 
An external resistor connected across 
these pins sets the internal levels for 
equalization as well as signal detect. This 
resistor allows compensation for transmit 
and magnetics variations. RTH should be 
set to match the peak-to-peak transmit 
amplitude. Vamp = 1 6 x 1 .25 x RTH/RSET 
where V AMP is the peak-to-peak 
amplitude of the transmit output with 
zero length cable. 
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OPERATING CONDITIONS 

VCC Supply Voltage 5V ± 5% 

T A , Ambient Temperature 0°C to +70°C 

RTSET 4KQ + 1% 

RRSET 8KQ + 1% 

RSET 5KQ+ 1% 

RTH 250Q + 1% 

CAP1,CAP2 1.0^F + 5% 



ABSOLUTE MAXIMUM RATINGS 

VCC Supply Voltage Range -0.3V to 6V 

Input Voltage Range 
Digital Inputs -0.3V to VCC 

Output Current 

TPOUT+/TPOUT-, SD±, RXOUT± 50mA 

All other outputs 10mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering, 10 sec) 260°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = T M in to T MAX , VCC = 5V ±5%, RTSET = 4.0KQ, RTH = 250ft. 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



DC Characteristics 



TTL Inputs (TXOFF, LPBK) 



Differential Inputs (TPIN±, TXIN±) 



Differential Outputs (SD±, RXOUT±, TPOUT±) 
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UNITS 



Supply Current 












RVCCD 






67 




mA 


RVCCA 






52 




mA 


TVCCD 






25 




mA 


TVCCA 






6 




mA 


RVCCD + RVCCA + TVCCD + TVCCA 








170 


mA 



Vil Input Low Voltage 








0.8 


V 


Vih Input High Voltage 




2.0 






V 



TPIN+, TPIN- 

Common Mode Input Voltage 




2.2 




Vcc 


V 


TPIN+, TPIN- 
Differential Input Voltage 








1.5 


V 


TPIN+, TPIN- 

Differential Input Resistance 




10.0K 






ft 


TPIN+, TPIN- 

Common Mode Input Current 








+10 


uA 


TXIN+, TXIN- 

Input Voltage HIGH (V, H ) 




V C c-1.165 




Vcc-0.88 


V 


TXIN+, TXIN- 

Input Voltage LOW (V, L ) 




Vccr-1.810 




V CC -1 .475 


V 


TXIN+, TXIN- 

Input Current LOW (l| L ) 




0.5 






uA 


TXIN+, TXIN- 

Input Current HIGH (l| H ) 








50 


uA 



SD+, SD-, RXOUT+, RXOUT- 
Output Voltage HIGH (Vqh) 


Note 5 


V cc -1 .025 




Vcc-0.88 


V 


SD+, SD-, RXOUT+, RXOUT- 
Output Voltage LOW (V |_) 


Note 5 


V cc -1 .81 




Vcc-1 -62 


V 


TPOUT+, TPOUT- 

Differential Output Current HIGH 


Vout = V cc ± 0.5, Note 4 


19.0 




21.0 


mA 


TPOUT+, TPOUT- 
DifferentialOutput Current LOW 


Vqut = V C c ± 0.5, Note 4 







0.1 


mA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Differential Outputs (SD±, RXOUT±, TPOUT±) (Continued) 



TPOUT+, TPOUT- 
Output Current Offset 


Note 3 






0.5 


mA 


TPOUT+, TPOUT-Vqut = V C c 
Output Amplitude Error 


Note 3, 4 


-5.0 




5.0 


% 


TPOUT+, TPOUT-Vqut = V C c ±1 -1 V 
Output Voltage Compliance 




-2.0 




+2.0 


% 



AC Characteristics 



TPOUT+, TPOUT- 
Rise/Fall Time 


Note 2 


1.5 


2.0 


2.5 


ns 


TPOUT+, TPOUT- 
Output Jitter 


Note 2 




0.5 




ns 


RXOUT+, RXOUT- 
Rise/Fall Time 


Note 2 






5 


ns 


RXOUT+, RXOUT- 
Output Jitter 


Note 2 




2.0 




ns 



Note 1. Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2. Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 
Note 3. Low Duty cycle pulse testing is performed at T*. 
Note 4. Output current amplitude is determined by Iout = 64 x 1 .25V/RTSET. 
Note 5. Output voltage levels are specified when terminated by 50Q to Vcc-2V or equivalent load. 



FUNCTIONAL DESCRIPTION 

The ML6672 transceiver is a physical media dependent 
transceiver that allows the transmission and reception of 
1 55 Mbps data up to 100 meters over shielded twisted 
pair cable or category 5 unshielded twisted pair cable. 

The transmit section accepts NRZ data, sending the 
information on a two pin current driven transmitter. The 
transmitted output passes through an external low pass 
filter and transformer before entering the connectors to the 
STP or UTP cable. The output amplitude of the transmitted 
signal is programmable through the external RTSET 
resistor. 

The receive section accepts NRZ coded data after it passes 
through an isolation transformer and band limiting filter. 
The adaptive equalizer is used to compensate for the 
amplitude and phase distortion incurred from the cable. 
The adaptive control section determines the cable length 
and adjusts the equalizer accordingly. As the input signal 
amplitude diminishes, the amount of equalization 
increases until it reaches its maximum of an equivalent 
1 00 meters of category 5 cable. 

The adaptive control block governs both the equalization 
level as well as the link detection status. The link 
detection threshold has a fixed relationship to the overall 
equalization level which is currently 25% of the 
transmitted amplitude. For the link status to be true, a 
minimum level signal must be received. When the input 
signal is small, the equalization will be at its maximum. 



After the signal has been equalized, it is fed through the 
loopback multiplexer onto the RXOUT± pins. 

Figure 1 shows a typical gain vs frequency plot of the 
adaptive equalizer for 0, 25, 50, 75 and 100 meter 
category 5 cable lengths. 
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Figure 1 . Equalization Range 
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TRANSMISSION 

PECL level scrambled NRZ data is received by the 
ML6672 and the current driven transmitter then sent the 
data to the filter/transformer module. The transmit 
amplitude is controlled by one external resistor, RTSET. 



\r 



64 x1.25V 
RTSET 



For ATM UTP applications the transmit amplitude is 1 V 
peak to peak. The termination at the transmitter output is 
50£1 Therefore the transmit current Iqut = V50 = 20 mA. 

Therefore, RTSET = 64 x 1 .25/40KQ = 4KQ 

The transmitter may be disabled via the TXOFF pin. When 
this pin is pulled low, the transmitter's output goes to its 
center value (Iout/2) with no differential current flowing 
through the transformer. 

ADAPTIVE EQUALIZATION 

During transmission of data over UTP (unshielded twisted 
pair), distortion and ISI are caused by dispersion in the 
cable. Equalization is used to overcome this signal 
corruption. However, the distortion is frequency 
dependent and loop length dependent. Therefore, in most 
practical cases, the TP port characteristic is unknown and 
it is impractical to tune the equalizer specifically to each 



individual port. Hence, adaptive equalizer is used in the 
TP-PMD to ensue proper compensation of the received 
signal. 

By using adaptive equalizer, the receiver automatically 
compensate different length of cable without over 
equalizing or under equalizing the line. The ML6672 
monitors the energy of the received signal to determine 
the cable length and adjust the equalizer accordingly. The 
input signal level is inversely proportional to the cable 
length. Therefore, as the signal level decreases, the 
amount of equalization is increased to compensate for the 
line loss. 

RECEIVE CIRCUIT 

After the data is received and equalized, it is then sent to 
the clock recovery circuit via the RXOUT pins. A resistor 
RTH is used to control the internal level of equalization. 



V AMP - " 



. 16 x1.25xRTH 
RSET 



VAMP is the transmit voltage amplitude and is equal to 1 V 
and RSET = 5KO. Therefore, RTH = 1 x 5/(1 6 x 1 .25) KQ = 

250a. 

CAP1 and CAP2 are capacitors used to set the time 
constant for adaptation of the equalizer loop and should 
be 0.33uf. 
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Application Example of ML6672 Configured for 1 .OVp.p Transmit Amplitude on C5 UTP. 



Note 1. Split 1 00K ECL terminations are 82J3 and 1 30£3 to VCC and GND respectively. 

Note 2. Recommended power supply bypass capacitors are IjxF with optional 10|iF tantalum in parallel 

Note 3. Transformer turns ratio is 1 -1 . 

Note 4. LPBK and TXOFF inputs are active LOW. 



4-138 



3^ Micro Linear 



ML6672 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6672CQ 


0°C to +70°C 


32-Pin Molded Leaded PCC (Q32) 


ML6672CH 


0°C to +70°C 


32-Pin TQFP (H32) 
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ML6672-9EVAL 



155Mbps ATM Transceiver Evaluation Kit 



GENERAL DESCRIPTION 

The ML6672-9EVAL board is a 1 55Mbps ATM transceiver 
for transmission over UTP (Unshielded Twisted Pair) 
Category 5 cable. At one end, the ML6672-9EVAL board 
interfaces to an RJ45 connector, through a transformer and 
common mode choke module (T1 and 12). The other end 
of the evaluation board interfaces to a 9-pin ODL (1408U) 
footprint socket. This permits the conversion of an existing 
fiber-based ATM design to a copper-based design. 



FEATURES 

■ Loop back capability 

■ Quiet line by turning transmitter off 

■ Low jitter 

■ Fast rise and fall times at the transmitter 

KIT COMPONENTS 

■ ML6672-9EVAL user guide 

■ Application Note 30 

■ ML6672 data sheet 

■ Assembled evaluation board 

■ 3.5" disk with Gerber Files 

The user guide includes performance data, layout 
recommendation, layout, schematic, parts list and tutorial 
on how to use the demo board. 
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ADVANCE INFORMATION 

ML6673 



TP-PMD Transceiver 



GENERAL DESCRIPTION 

The ML6673 is a complete monolithic transceiver for 1 25 
Mbaud MLT-3 encoded data transmission over Category 5 
Unshielded Twisted Pair and Shielded Twisted Pair cables. 
The ML6673 integrates the baseline restoration function 
defined in the TP-PMD standard. The adaptive equalizer 
in the ML6673 will accurately compensate for line losses 
of up to 1 00m of UTP. The part requires only external 1 % 
resistors for accurate equalization. 

The ML6673 receive section consists of an equalizing 
filter with a feedback loop for controlling effective line 
compensation. The feedback loop contains a filter and 
detection block for determining the proper control signal. 
The ML6673 also contains data comparators with 
precisely controlled slicing thresholds and an MLT-3 to 
NRZI translator. An ECL 100K compatible buffer at the 
output interfaces directly with existing FDDI PHY silicon 
from various manufacturers. 

The ML6673 transmit section accepts ECL 100K 
compatible NRZ inputs and converts them to differential 
current mode MLT-3 signals. Transmit amplitude is 
controlled by a single external resistor. 

Several additional functions are provided by the ML6673 
to simplify applications. A common-mode reference is 



provided to set the input DC level for the equalizer and 
the near-end transformer winding. This terminal may be 
used as an AC ground for the transformer center-tap or 
termination resistors. The transmitter can be disabled to 
provide true quiet line. 

The ML6673 is implemented in a BiCMOS process. A 
differential signal path throughout minimizes the effects of 
power supply transients and noise. 

FEATURES 

■ Compliant with ANSI X3T1 2 FDDI over copper 
(TP-PMD) standard 

■ Compliant with IEEE 802.3 Fast Ethernet (100BASE-TX) 
standard 

■ Integrated baseline wander correction circuit 

■ Transmitter converts NRZI ECL signals to MLT-3 current 
driven outputs 

■ Transmitter can be externally turned off for 
true quiet line 

■ Receiver includes adaptive equalizer and MLT-3 to 
NRZI decoder 

■ Operates over 1 00 meters of STP or category 5 UTP 
Twisted Pair Cable 

■ 32-pin PLCC and TQFP 
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PIN CONFIGURATION 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6673CQ 
ML6673CH 


0°C to 70°C 
0°C to 70°C 


32-Pin Molded PCC 
32-Pin TQFP 
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ML6682 



Token Ring Physical Interface 



GENERAL DESCRIPTION 

The ML6682 Token Ring Physical Interface Circuit is 
designed for use as a token ring concentrator port interface 
in 4Mb/s and 1 6Mb/s IEEE 802.5 networks using category 4 
and 5 unshielded twisted pair (UTP) and type 1 shielded 
twisted pair (STP) cable. It can also be configured as a Ring- 
In or Ring-Out port for concentrator interface to the main 
network trunk. It includes a receiver equalizer for 
suppression of inter-symbol distortion, a narrow-bandwidth 
master PLL with a constant-gain phase/frequency detector 
for enhanced clock tracking and low VCO phase distortion, 
an 8 Ul FIFO and slave PLL for additional jitter attenuation, 
internal frequency/phase tracking select logic, and a 
waveshaping twisted pair transmit driver which requires 
only a very simple external filter to meet the 802.5 standard. 
The circuit also includes phantom wire fault detection and 
output drivers for use with an external phantom switching 
mechanism in a concentrator-to-trunk interface application. 
The part has an on-chip single-pin crystal oscillator designed 
for a 1 6MHz crystal. It can also be used with an external 
clock of either 1 6MHz or 32MHz frequency. The part uses a 
frequency squelch circuit at the twisted pair receiver to 
allow detection of incorrect network speed. 



FEATURES 

■ Supports the complete interface for a concentrator. 

■ Supports dual PLL jitter attenuator and clock 
regeneration for each lobe port and Ring In/Ring Out 
ports for UTP/STP extended distance concentrators. 

■ Compatible with IEEE 802.5-1989 Standard for 
Token Ring 

■ Pin selectable 16 and 4Mb/s data rates 

■ Supports dual ring fault tolerant Ring In/ 
Ring Out trunks 

■ Fault isolation capability at each concentrator port 
available for network management. 

■ Provides Dual Phase-Locked Loop with single edge 
constant gain phase detector and 8 Ul FIFO for clock 
regeneration, jitter attenuation and data recovery. 

■ Phantom voltage drive/sense for both transmit and 
receive cable pairs. 

■ On-chip crystal oscillator can also be driven by 
external clock. 

■ On-chip receiver channel equalization switchable for 
both 4 and 1 6 Mbps 

■ Advanced BiCMOS technology 
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GENERAL DESCRIPTION (Continued) 

External components are minimized by the use of internally- 
controlled station fault, receiver pulse width squelch, on- 
chip crystal oscillator, and internal 4/16 Mbps switching 
logic. The ML6682 performs the hybrid switching functions, 
eliminating the need for relays. Isolation can be achieved 
optically. The circuit requires a single +5V power supply, 
and is fabricated in BiCMOS technology. 



PIN CONFIGURATION 
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FILTR16MB 

AGND3 

N/C 

LOCK 

4/16 

PHTMD/S 



ALLOW 

FBYP 

N/C 

SIGVAL 

XTAL1 



2 

—/* 

H 7 
n* 

c» 

o 

En 

c« 

Cl3 
CM 

C« 



UL.<aOaia£uiujiuiu 

nnnnnnnnnn 

5 4 3 2 1 44 43 42 41 40 



44-Pin PCC 



39 I] 

38 3 

37 3 

36 3 

35 3 
34 U 
33 3 
32 3 
31 D 
30 U 



SQDIS 

RSL 

RTSET 

RVCO 

AVCC1 

TxCLK 

TxD 

AGND1 

TxTPP 

TxTPN 

AGND2 



18 

TT 



19 20 21 22 23 24 25 26 27 28 



u u u u u u u 

z i g a t = | 



U U U 

S B s 
s s s 



4-144 



3^. Micro Linear 



ML6682 



PIN DESCRIPTION 



PIN # NAME FUNCTION 



PIN # NAME FUNCTION 



1 RxTPP 
44 RxTPN 



2 


DGND2 


20 


DGND1 


3 


DVCC2 


21 


DVCC1 


4 


AVCC3 


35 


AVCC1 


5 


FILTR4MB 



FILTPLL2 



7 FILTR16MB 



Receive wire pair inputs. These inputs 

receive data from the twisted pair media 

through the receive isolation 

transformer. These pins are DC biased 

internally for proper receive data 

biasing. 

Digital ground pins. 

Positive power supply pins (+5V) for 

digital part of the chip. 

Positive power supply pins (+5V) for 

analog part of the chip. 

4Mbps PLL filter input. Connection 

point for external PLL filter components 

for 4 Mbps data rate. 

Second PLL filter input. Connection 

point for external PLL filter components 

for second (slave) PLL. 

1 6 Mbps PLL filter input. Connection 

point for external PLL filter components 

for 1 6 Mbps data rate. 

Analog ground pins. 



8 AGND3 
29 ACND2 
32 AGND1 

9 N/C 

1 LOCK PLL phase lock indicator output. This 

output goes low when both PLLs 
achi eve lo ck. May be externally gated 
with FBYP for zero delay lockout. 
(Prevent a 4 Mbps station from entering 
a 1 6 Mbps Ring). 

11 4/16 Data rate selection input. A logic one 

selects 4 Mbps operation. A logic zero 
selects 16 Mbps operation. The pin 
automatically switches the receive 
equalizer and the PLL loop filter for the 
appropriate data rate. 

12 PHTMD/S "Phantom drive/sense" select input. 

When set low, the chip is configured for 
"phantom sense". In the "phantom 
sense" state PHTMRX1 pin serves as an 
input coming from an opto-isolator to 
sense phantom current and_PHTMTX1 is 
an output. When PHTMD/S is set high, 
the chip is configured for "phantom 
drive". In the "phantom drive" state 
PHTMTX1 and PHTMTX2 provide the 
phantom drive and fault detect for the 
transmit pair of wires, and PHTMRX1 
and PHTMRX2 sense fault detect for the 
receive pair of wires. 



1 3 ALLOW 




16 SIGVAL 



1 7 XTAL1 



18 XTAL2 



19 N/C 

22 RxD 



23 RxCLK 



24 FAULT 



25 PHTMRX2 

26 PHTMRX1 



ALLOW is a digital input that allows the 
port to control INSERT/BYPASS through 
phantom current, or allows the p ort to 
be forced into INSERT mode using FBYP. 

Force Bypass input. This digital input 
provides network management control to 
force the ML6682 into BYPASS mode. 

Valid signal indicator output. This 
output goes low when the signal at 
RxTPP/N meets frequency and 
amplitude squelch requirements. 
Crystal/external clock input. Connecting 
a 1 6MHz crystal between this pin and 
ground provides the required reference 
frequency. This pin may also be driven by 
an external 1 6MHz clock. XTAL2 must 
be connected to ground when XTAL1 is 
used. 

Clock input pin. Connecting a 32MHz 
external clock between this pin and 
ground provides the required reference 
frequency. When XTAL2 is used, XTAL1 
must be grounded. 

Receive data output. When the ML6682 
is in INSERT mode, RxD is sourced by 
the PLL reclocked data from receive 
twisted pair inputs RxTPP, RxTPN. 
When the ML6682 is in the BYPASS 
mode, RxD is sourced by the TxD input. 
Synchronized data clock output. When 
the ML6682 is in INSERT mode, RxCLK 
is sourced by the PLL. When the 
ML6682 is in BYPASS mode, RxCLK is 
sourced by the TxCLK input. 
Phantom wire fault detection output. 
When this output is low, the phantom 
current test has failed. In the "phantom 
drive" mode this will be detected as an 
open or a short by the PHTMTX1 , 
PHTMTX2, PHTMRX1, PHTM RX2 pin s. 
In the "phantom sense" mode, FAULT is 
an output that simply buffers the 
PHTMRX1 input. 

Receive pair phantom sense inputs, hi 
the "phantom drive" mode (PHTMD/S 
pin is tied to Vcc) these inputs sense 
phantom current on the receive pair 
wires to detect a phantom circuit fault 
condition. In "phantom jense" 
configuration (PHTMD/S pin is tied to 
GND) PHTMRX1 is the sense input for 
phantom current coming from an opto 
isolator and PHTMRX2 should be 
grounded. 



3^ Micro Linear 



4-145 



ML6682 

PIN DESCRIPTION (Continued) 



PIN # NAME 



FUNCTION 



PIN # NAME 



FUNCTION 



27 
28 



PHTMTX1 Transmit pair phantom drive/sense pair. 

PHTMTX2 In the "phantom drive" mode, these 
pins output a +5 volt phantom signal 
and sense opens and shorts as a 
phantom circuit fault condition. In the 
"phantom sense" mode, PHTMTX1 is 
an open collector pin that can be used 
to drive an LED to reflect the INSERT/ 
BYPASS state. In the INSERT state, 
PHTMTX1 is low to light the LED and 
in the BYPASS state PHTMTX1 is high. 
PHTMTX2 should be left floating in 
the "phantom sense" mode. 
Transmitter wire pair outputs. These 
pins are the differential current driver 
outputs to the lobe fed through an 
isolation transformer out on to the ring. 

Data input from the previous lobe or 
Ring In/Ring Out port. In INSERT mode 
TxD is clocked by TxCLK out onto the 
transmit twisted pair cable TxTPP, 
TxTPN. In BYPASS mode the TxD 
input is internally connected to the 
RxD output. 
34 TxCLK Synchronized data clock input from 
the previous lobe or Ring In/Ring Out 
port. In INSERT mode TxCLK clocks 
TxD out onto the transmit twisted pair 
at TxTPP, TxTPN. In BYPASS mode the 
TxCLK input is internally connected to 
the RxCLK output. 



30 
31 



33 



TxTPN 
TxTPP 



TxD 



36 RVCO 



37 RTSET 



38 RSL 



39 SQDIS 



40 EQ16B 

41 EQ16A 



42 EQ4B 

43 EQ4A 



External resistor input. A precision 
resistor of the appropriate value 
connected to this input sets the phase 
detector gain. 

External resistor input. A precision 
resistor of the appropriate value 
connected to this input sets the 
twisted pair transmitter output level. 

Receive squelch low select input. 
When this pin is tied to Vcc the 
receive squelch level will be lower; 
more sensitive. When this pin is tied to 
GND, the receive squelch level will be 
higher; less sensitive. 
Squelch disable input. Normally wired 
to ground. A high level input disables 
the RX wire pair squelch function. 

Differential connection for external 
equalization components for 16 Mbps 
operation. The equalizer is disabled 
when these two pins are tied together. 
Differential connection for external 
equalization components for 4 Mbps 
operation. The equalizer is disabled 
when these two pins are tied together. 
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OPERATING CONDITIONS 

V cc Supply Voltage 5V ± 5% 

All Vcc supply pins must be within 0.1 V of each other. 
All GND pins must be within 0.1V of each other. 

T A , Ambient Temperature 0°C to +70°C 

Tj, Junction Temperature 0°C to +125°C 

REXT1 1.66Kohms±1% 

REXT2 2.42Kohms± 1% 



ABSOLUTE MAXIMUM RATINGS 

V C c Supply Voltage Range -0.3V to 6V 

Input Voltage Range 

Digital Inputs -0.3 to V C c 

TxD, TxCLK, RxTPP, 

RxTPN, XTAL1 , XTAL2 -0.3V to V cc 

Output Current 

TxTPP, TxTPN 50mA 

PHTMRX1, PHTMRX2, PHTMTX1 , PHTMTX2 ....25mA 
All other outputs 10mA 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering, 10 sec) 260°C 



ELECTRICAL CHARACTERISTICS 

Over full range of operating conditions unless otherwise specified. 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


TTL Inputs (4/16, NSERT, PHTMD/S, SQDIS, ALLOW, TxD, TxCLK, FBYP) 


Vil 


Input Low Voltage 


l| L = 400[iA 


-0.3 




0.8 


V 


V, H 


Input High Voltage 


l| H = 100nA 


2.0 




V cc +0.3V 


V 


IlL 


Input Low Current 


All except TxD, TxCLK; V, N = 0.4V 


-400 






uA 




TxD, TxCLK; V, N = 0.4V 


-1600 






uA 


llH 


Input High Current 


V, N = 2.7V 






100 


uA 


TTL Outputs (FAULT, LOCK, RxCLK, RxD, RxCLK, RxD): 


Vol 


Output Low Voltage 


Iol = 1 mA 






0.40 


V 


Voh 


Output High Voltage 


Iqh = -0-1 m A 


2.4 






V 


Receiver 










VoSR 


RxTPP-RxTPN Differential 
Offset Voltage 


Vsqdis = V|H 


-35 




35 


mV 


v dso 


RxTPP-RxTPN Differential 
Squelch Threshold 


RSL = Vil 


335 




565 


mVp-p 




RSL = V IH 


35 




70 


mVp-p 


Vpso 


RxTPP-RxTPN Post-Squelch 
Differential Input Threshold 


RSL = V IL 


167 




282 


mVp-p 




RSL = V, H 


23 




47 


mVp-p 


V|BR 


RxTPP-RxTPN Open-Crrcuit 
Common-Mode Bias Voltage 




2.2 




2.8 


V 


R IDR 


RxTPP-RxTPN Differential 
Input Resistance 


Input differential voltage = 2V, 
centered at V|br 


3.0 




6.7 


Kft 


V S TX 


XTAL1 Input Switching 
Threshold Voltage 




2.2 




3.4 


V 


>RXT1 


RExT1 Input Current 


RExT1 = 1 .66KQ 


575 




625 


HA 


IRXT2 


RExT2 Input Current 


RExT2 = 2.42KQ 


387 




438 


uA 


Transmitter 


•tout 


TxTPP Differential Output 
Current 


R L = 100 or 150ft 


28 




33 


mA 


'toff 


TxTPP-TxTPN Off-state 
Output Current 


Vfbyp = V| L ; Rl = 200ft 






1.5 


mA 


■txi 


TxTPP-TxTPN Differential 
Current Imbalance 


R L = 200ft 


-900 




+900 


uA 
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ELECTRICAL CHARACTERISTICS (Continued) 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Phantom Output Driver (PHTMD/S = V|H/ except as noted) 



VoHP 


PHTMTX1/PHTMTX2 
Output High Voltage 


l HP = -1mA 


4.1 






V 




Iohp = -2mA 


3.8 






V 


'OHP 


PHTMTX1/PHTMTX2 Output 
Short Circuit Current 


V O HP = 0V 


-20 




-4 


mA 


'ozp 


PHTMTX1/Tx2/Rx1/Rx2 
Output Off Current 


PHTMD/S = V, L 
0V<V O hp^V cc 


-100 




+100 


HA 



Phantom Output Fault Sensing (PHTMD/S = V iH ) 



VoPN 


FAULT Output Voltage, 
Normal Condition 


Notes 2, 3 


2.4 






V 


VqPF 


FAULT Output Voltage, 
Fault Condition 


Notes 2, 4 






0.45 


V 



Power Supply Current 



lea 


Supply Current, Transmitting 


Notel 






205 


mA 


ICC2 


Supply Current, Idle 


Current into all Vcc pins, V<x = 5.25V 






165 


mA 
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AC CHARACTERISTICS (Over full range of operating conditions unless otherwise specified) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Transmitter (Note 8) 


tDF01 


TxTPP-TxTPN Output 

Delay Mismatch, Zeros and Ones 


1 6Mb/s, Note 5A 


0.3 




1.0 


ns 




4Mb/s 


-0.5 




0.5 


ns 


l DFMX 


TxTPP-TxTPN Output 

Delay Mismatch, Random Data 


4Mb/s&16Mb/s, Note 5 B 


-2.0 




2.0 


ns 


*DCD 


TxTPP-TxTPN Output 
Duty Cycle Distortion 


1 6Mb/s, Note 6 


-1.5 




1.5 


ns 




4Mb/s, Note 6 


-6.0 




6.0 


ns 


Receiver, General 


tRPWL 


Maximum RxTPP-RxTPN Period 
To Turn On 


16Mb/s, RxTPV D | FP . P =1V 


166 




244 


ns 




4Mb/s, RxTPV DIFP .p=1V 


667 




2000 


ns 


tRPWS 


Minimum RxTPP-RxTPN Period 
To Turn On 


16Mb/s, RxTPV DIFP . P =1V 


40 




59 


ns 




4Mb/s, RxTPV DIFP .p=1V 


166 




244 


ns 


tpL 


PLL Phase- Lock After Freq. Lock 


Figure 1 






1.5 


ms 


tFL 


PLL Frequency-Lock After 
Power- Up 


Power-up to 2BR± 1% 

Hz frequency at RxCLK; Note 7 






500 


ms 


tDL 


PLL Phase Unlock Time 


Figure 1 






100 


Us 


tpvci 


RxCLK Period, V F | LTR4MB = 2.2V 


V4/T6 = Voh (4Mb/s), Note 9 


225 




150 


ns 


tpVC2 


RxCLK Period, V F | LTR4MB = 2.8V 


V 4 /i6 = V H(4Mb/s), Note 9 


75 




112 


ns 


tpVC3 


RxCLK Period, V FILTSL = 2.2V 


V4/T6 = Vol (1 6Mb/s), Note 9 


56.3 




37.5 


ns 


tpVC4 


RxCLK Period, V F | LTSL = 2.8V 


V4/T6 = Vol (1 6Mb/s), Note 9 


18.8 




28 


ns 


K d 


Phase Detector Gain 


4Mb/s; Note 1 and Figure 2 


0.25 




0.35 


|iA/ns 




1 6Mb/s; Note 1 and Figure 2 


1.0 




1.4 


jxA/ns 


*RSTE 


PLL Static Phase Error 


Note 1 1 


-2 




+2 


ns 


tRDC 


RxD to RxCLK Delay 




-2 




2 


ns 


tRTD 


RxTP to RxD Delay 




1 




4 


BT 


tRCFS 


RxCLK 90-10% Fall Time 


RxCLK t PE R = 31 .25ns 






5 


ns 


tpTRD 


TxD to RxD Propagation Delay 


Vpbyp = Vol/ Figure 4 


TBD 




TBD 


ns 


tpTRC 


TxCK to RxCK Propagation Delay 


Vfbyp = Vol/ Figure 4 


TBD 




TBD 


ns 


tSRM 


Setup Time, RxD Valid to RxCLK 
Rising Edge (1 .5V point) 


RxCLK t PER = 31 .25ns, Figure 4 


10 






ns 


*HRM 


Hold Time, RxD Valid After 
RxCLK Rising Edge (1 .5V) 


RxCLK tp ER = 31 .25ns, Figure 4 


2 






ns 


tRCRM 


RxCLK 1 0-90% Rise Time 


RxCLK t PER = 31 .25ns, C L = 1 5pF; 
Figure 4 






5 


ns 


l RCFM 


RxCLK 90-10% Fall Time 


RxCLK tpER = 31 .25ns, C L = 1 5pF; 
Figure 4 






5 


ns 
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Note 1 : Current into all Vcc pi ns, Vqc = 5.25V, transmitting and receiving 1 6MHz data. 

Note 2: Use a 2K ohm load at FAULT for these tests. 

Note 3: 2.9K < RL1 < 5.5K, 2.9K < RL2 < 5.5K. RL1 connected between PHTMTX1 and PHTMRX1 ; RL2 connected between PHTMTX2 and PHTMRX2. 

Note 4: Tested under the following conditions: 

A. RL1 > 9.9K and 2.9K < RL2 < 5.5K, or RL2 > 9.9K and 2.9K < RL1 < 5 5K. 

B. RL1 < 100Q and 2.9K < RL2 < 5.5K, or RL2 < 100Q and 2.9K < RL1 < 5.5K. 

Note 5: A. Difference between the delay from the nearest TxCLK rising edge to the TxTPPN differential BR edge and the delay from the nearest TxCLK rising edge to the 

TxTPPN differential BR/2 edge. Measured for either rising output edges or falling output edges only, with measurements made for each. Measurements are to be 
made at the output of both test circuits shown in Figure 3. (See waveforms in Figure 7 -4 of draft IEEE 802.5q/D4). 
B. Difference between the delay from the nearest TxCLK rising edge to the TxTPPN differential edge and the delay from the nearest TxCLK rising edge to the 

TxTPPN differential edge. Measured for either rising output edges or falling output edges only, with measurements made for each using random data (JKs, Os, 1 s) 
Measurements are to be made at the output of both test circuits shown in Figure 3. (See waveforms in Figure 7 -4 of draft IEEE 802.5q/D4) 
Note 6: One-half the difference between the positive-going differential output pulsewidth and the negative-going differential output pulsewidth. Measured at the output of 
both test circuits in Figure 3 with a constant stream of all zeros or all ones. Measurements are to be averaged over 1 28 data pulses Measured with input drive to 
TxD/TxCLK. 
Note 7: Not tested in production Guaranteed by characterization measurements. 

Note 8: The transmitter TxTPP-TxTPN output waveform must also meet the waveform templates shown in section 7.2.2.2 of IEEE 802. 5q 
Note 9: Disconnect the filter components at the FILT4MB or FILT1 6MB pins and apply the indicated voltage to that pin. Measure the output period at RxCLK. Disconnect 

RxTPPN from all input. 
Note 10: See Figure 2 for timing. With the circuit in phase-lock, inject 11 = +5u7\ and measure the propagation delay tppi between an RxTPP rising edge and the 

corresponding RxCLK falling edge. Make a second delay measurement tpp2 while injecting 12 = -5uA. Phase detector gain is given by Kj = (12-11 )/(tpoi-tpD2)- 
Note 11: The ML6682 is phase-locked to the RxTPP waveform with RxTPN biased to 2.5V (see Figure 5). Monitor RxD to observe correct data being latched For one pulse, 
shorten the positive pulse at RxTPP by moving the rising edge, and check to see if the short pulse was latched Continue to shorten the pulse in this manner until 
incorrect data appears at RxCLK. The time between the rising edge and the unshortened positive pulse midpoint is tRSTE- Repeat this procedure for the other 3 cases 
shown in Figure 5. 



RxTPP-RxTPN 50% 




Figure 1 . PLL Phase Lock Timing. 




VOH 



Vol 



Figure 2. Phase Detector Gain Test. 
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Vcc 



Vcc 



Ri 

200ft 



:«2 

►200ft 



Rl 

100ft 



BEL HYBRIDS 
0803-1060-00 OR SIMILAR 



VtxTP 



Figure 3A. Transmitter AC Test Circuit, 100 Ohms (UTP). 
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Figure 3B. Transmitter AC Test Circuit, 150 Ohms (STP). 
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Figure 4. Receiver Timing. 



Figure 5. Receiver Static Timing Error Test. 
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FUNCTIONAL DESCRIPTION 

Page 1 shows the functional block diagram of the 
ML6682. The device contains four major functional 
blocks; twisted pair line interface, port interface, PLL 
retiming circuit and crystal oscillator. In normal operation, 
the data is retransmitted from the previous port on to the 
transmit TP wire pair (to the station) by the use of TxD and 
TxCLK. The data from the station via the receive wire pair 
is retimed through the use of a dual PLL/FIFO. The retimed 
data at RxD is then clocked out to the next port by RxCLK. 

PORT INTERFACE 

The ML6682 can be used for implementing Lobe, Ring In 
and Ring Out ports in a concentrator. The device can be 
placed into either the INSERT state or the BYPASS state. 
Figure 6 is a functional illustration of the INSERT and 
BYPASS states. 

When ML6682 is in the BYPASS state, the station is 
bypassed. The data input from the previous port is retimed 
and fed directly through to the next port (see figure 6). 
Signal from the receive twisted pair is retimed via the PLL 
and looped back to the transmit twisted pair. However, if 
the signal does not meet the receive frequency squelch 
criteria, the signal will not be fed to the PLL. The PLL will 
transmit the local clock signal onto the transmit twisted 
pair. 
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When the port is INSERTed into the network, the transmit 
data TxD from the previous port is clocked by transmit 
clock TxCLK, and fed out on the twisted pair lines. The 
data from the receive twisted pair input is passed through 
the PLL and output on RxD and RxCLK pins. 

Through various input pins, the ML6682 may be selected 
for one of three options: 

1 . Forced into the INSERT state 

2. Forced into the BYPASS state 

3. Allow the remote station to place the ML6682 into 
INSERT or BYPASS state with phantom control. 

The logic equation to implement these options is as 
follows: 

FBYP x (ALLOW + FAULT) = INSERT 

When INSERT is a logic 1, the ML6682 is placed into the 
INSERT state as shown in Figure 6. When INSERT is a 
logic 0, the ML6682 is placed into the BYPASS state. Truth 
table 1 illustrates how the three above options can be 
achieved. 





FBYP 










ALLOW 


FAULT 


INSERT 
State 


Forced 
Bypass Mode 





X 


X 





Phantom 
Controlled Bypass 


1 











Phantom 
Controlled Insert 


1 





1 


1 


Forced Insert 


1 


1 


X 


1 



X = Don't Care 

Table 1. Logic for INSERT/BYPASS. 

TP LINE INTERFACE 

TP Line Receiver consists of a line equalizer, receive 
squelch circuit and a resistive attenuator. 

RECEIVE EQUALIZER 

This receive equalizer compensates for twisted-pair cable 
dispersion, which otherwise would give rise to inter- 
symbol interference (ISI). The amount of equalization 
varies with the average amplitude of the received signal. 
The received signal amplitude gives a rough value for the 
length of the attached cable. The filter/equalizer 
characteristic is the inverse of the cable's dispersion 
characteristic. Both UTP and STP cables approximate a 
low-pass filter, so the filter/equalizer approximates an 
inverse root equalizer. There are two sets of equalizers, 
one for 4 Mbps operation and one for 1 6 Mbps operation. 
This is switched automatically when the 4/16 pin is 
toggled. Each equalizer has its own external components 
which consist of two resistors and a capacitor. 



Figure 6. Bypass and Insert States. 
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RECEIVE SQUELCH CIRCUIT 

The TP line receiver consists of a resistive attenuator with 
common-mode bias set circuit and voltage offset 
comparators to set the amplitude squelch threshold. 
When the RxTP input signal meets amplitude and 
pulsewidth requirements, the SQUELCH circuit reduces 
the offset voltage of the TP Line Receive comparators, 
decreasing the amplitude squelch threshold. This 
hysteresis allows the receiver to stay on in the presence 
of a fading input signal. 

The receive squelch circuit qualifies the incoming signal 
to determine whether the signal contains valid data. The 
circuit qualifies the signal on the basis of both the 
amplitude and frequency of the signal. This prevents the 
PLL from trying to lock onto the wrong frequency when 
using 4 or 1 6 Mbps data rates, as well as preventing the 
PLL from locking onto noise. Once the signal has been 
qualified, the circuit will then unsquelch. The RSL pin 
selects one of two amplitude levels for the amplitude 
squelch criteria, while the 4/1 6 pin selects one of two 
frequency squelch criteria. 

The level of the amplitude squelch circuit can be selected 
by using the RSL pin. The squelch threshold range is as 
follows: 

MIN Threshold MAX Threshold 



RSL = 1 
RSL = 



35 mVp.p 
335 mVp.p 



70 mVp.p 
565 mVp.p 



Frequency Squelch Criteria 

4 Mbps max limit 4.1 MHz to 6MHz 



4 Mbps min limit 
16 Mbps max limit 
16 Mbps min limit 



0.5MHz to 1.5MHz 
1 7MHz to 25MHz 
4.1MHzto6MHz 



When squelch is on, the PLL is tracking the internal clock 
frequency coming from an external clock or the internal 
oscillator. When the part unsquelches the PLL switches 
into phase acquisition mode, attempting to phase lock 
onto the incoming data. 

PHASE LOCK LOOP 

The PLLs are third-order, type II charge pump loops (see 
F.M. Gardner, "Charge-Pump Phase-Lock Loops", IEEE 
Trans Comm, Vol. COM-28, No. 11, pp. 1849-1858, 
November 1980). They have high damping factor and low 
loop bandwidth to minimize accumulated jitter. The loop 
filter is externally connected. The third pole is at a very 
high frequency, since the ratio of the second and third 
order pole capacitors C1/C3 is about 20,000:1 . This, too, 
is done to minimize accumulated jitter. 



The 1 6 Mbps loop filter, slave loop filter, and 4 Mbps loop 
filter are external to the chip. Each filter consists of two 
capacitors and a resistor. The switching between the 
1 6Mbps and 4Mbps loop filters is automatic when the 
4/16 pin is toggled. Each data rate uses a different charge 
pump. 

The VCO uses a MOS voltage-to-current converter at its 
input to give a very high input impedance and low static 
phase error. The high VCO input impedance also allows 
the elimination of a loop filter buffer and the parasitic 
poles a buffer would add to the loop. The oscillator itself 
is a bipolar ring type oscillator with temperature and 
voltage-compensated output frequency for low jitter. 

The first PLL will achieve lock after several microseconds 
of a static phase error of less than ± 4 nsec. Hysteresis is 
built into the lock circuit so that it is more difficult to 
achieve lock than it i s to los e lock. This will also prevent 
any oscillation of the LOCK pin. Lock will be lost if the 
phase error exceeds ±4 nsec for several micro-seconds. 
Once lock is lost, the PLL will try to achieve phase lock 
for several milli-seconds. If it is unsuccessful, the ML6682 
will switch to internal frequency acquisition mode and re- 
center the VCO. Once it has achieved frequency lock 
with its internal oscillator, it will automatically switch to 
phase acquisition mode and try again to phase lock onto 
the data. 

The frequency squelch circuit will limit the frequency 
range allowed to pass into the PLL. This limited frequency 
range in addition to the stringent lock criteria will insure 
that the PLL will not lock onto harmonics or sidebands of 
the fundamental data rate. 

The first PLL clocks the data into an 8 Ul FIFO. Each flip- 
flop in the FIFO stores one Ul which is one half bit. The 
second (slave) PLL has a much narrower bandwidth set by 
the external filter connected to pin FILTPLL2. The second 
PLL is fed the first PLL's clock so that it can remove more 
of the jitter. The clock out of the second PLL is used to 
clock the data out of the FIFO and onto the RxD pin. The 
second PLL's clock output appears at RxCLK. This dual 
PLL architecture is the most effective way to reduce jitter 
and insure optimal performance from a token ring 
network. 

TP LINE DRIVER 

The TP OUTPUT driver uses a current mode switch which 
develops the output voltage by driving current through the 
terminating resistor and the output filter. Both TxTPP and 
TxTPN outputs are open collector, intended to drive a 
center-tapped transformer, with the center tap connected 
to Vcc- The driver is capable of driving 1 50Q doubly- 
terminated transmission lines to a minimum 4.1 Vp.p level 
or 100ft doubly-terminated transmission lines to a 
minimum 2.7Vp.p level. The driver's output is 
waveshaped, allowing the use of a simple external 
transmit filter. 
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PHANTOM CURRENT DETECTION 

The ML6682 provides ajphantom current detection 
function. With PHTMD/S driven high, the phantom 
voltage and wire fault detection circuit provides correct 
phantom DC output voltage under normal conditions. It 
also senses short-circuit and open-circuit fault conditions, 
and removes phantom voltage when appropriate. 

I n the LOBE port appli cation w ith PHTMD/S tied low 
(FBYP is tied high and ALLOW is tied low), driving 
PHTMRX1 high places the device into the INSERT mode. 
Driving PHTMRX1 low places the device in the BYPASS 
mode, in which data from the previous port will be passed 
on to the next port. 

CLOCK OSCILLATOR 

The ML6682 provides an on-chip clock oscillator by 
connecting a crystal to the XTAL1 pin. The ML6682 can 
also be driven by an external 1 6MHz clock at the XTAL1 
pin, or by an external 32MHz clock at the XTAL2 pin. In 
either case, the unused XTAL pin should be grounded. 



APPLICATIONS 

Figure 7 shows a block diagram of an intelligent UTP Hub 
implementation with active retiming on each port. The 
architecture shown has a back up ring for fault tolerant 
operation. The Ring In and Ring Out ports use phantom 
current to detect wire faults. When a fault is detected, the 
Ring-In and Ring-Out port go into the bypass state and 
perform an automatic loopback onto the Back-up Ring. 
This feature is especially useful in stackable hub designs. 

A micro processor can be used to manage each individual 
port. All the ports including the Ring In and Ring Out ports 
can be individually programmed into "Force INSERT", 
"Force BYPASS" or "Allow phantom control". 

LOBE PORT 

Figure 8 shows a typical implementation of a lobe port. 
Lobe ports are configured as phantom sense ports using 
opto isolators for sensing phantom current. Phantom 
current is sensed with an opto isolated output signal fed 
into pin PHTMRX1 . PHTMTX1 will go low with an open 
collector output when the ML6682 goes into the INSERT 
state. PHTMTX1 may either be used to drive an LED 
indicator or another opto isolator to signal the remote 
station whether it is inserted or not. 



By connecting the signal from the LOCK pin to the FBYP 
pin, the ML6682 is forced into bypass mode until the PLL 
achieves lock. When a station with a frequency different 
than the ring frequency attempts to insert into the ring, the 
PLL will not achieve lock and thus the station will not be 
inserted. 



BACKUP RING 



PRIMARY RING 



Kl -i 
1 ' I PRIMAR 



RxC, RxD 



TxC, TxD 



S1 S2 ••• S8 



RxC, RxD 



RxTPP, RxTPN 



TxTPP, TxTPN 



Figure 7. Intelligent UTP Hub. 
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RING-IN PORT 

The Ring In port may also be configured for phantom 
sense with automatic loopback fault detection. When 
Phantom current is detected the part is in the INSERT 

state. If phantom current is lost, the ML6682 will 

auto matically switch to the BYPASS state. Using the FBYP 
and ALLOW pins the part can also be forced into INSERT 
state, for compatibility with older standard type hubs, or 
forced into BYPASS for diagnostic purposes. 

The configuration of a fault tolerant Ring In port is 
implemented exactly like a lobe port. The TxD and TxCLK 
pins are connected to the RxD and the RxCLK pins of the 
ring out port to create a "back up" ring. When the fault 
tolerant feature is not needed for compatibility with the 
older hubs, the phantom current sense capability of the 



ML6682 should be disabled and the devi ce sho uld be 
placed i n the forced insert state by using FBYP and 
ALLOW. The LOCK pin should still be used to ensure that 
the proper ring speed is maintained. 

RING OUT PORT 

Tie the PHTMD/S pin high to configure the ML6682 as a 
Ring Out port. In this mode the Ring Out port looks like a 
station; however, when a FAULT is detected on the 
transmit or receive twisted pair wires, the ML6682 will 
automatically go into BYPASS state. The PHTMRX1 and 
PHTMRX2 pins drive the receive pair transformer center 
taps, and the PHTMX1 and PHTMTX2 pins drive the 
transmit pair transformer center taps on the cable side of 
the transformers in this mode. 
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Figure 8. Typical Circuit for a Lobe Port. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6682CS 


0°C to +70°C 


44-Pin PLCC (Q44) 



%,Micro 
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Selection Guide 5-1 

Read/Write Amplifiers 

ML117 2,4, or6-Channel Read/Write Circuits 5-5 

ML117R 2, 4, or 6-Channel Read/Write Circuits 5-5 

ML501 6, 7, or 8-Channel Read/Write Circuits 5-1 3 

ML501 R 6, 7, or 8- Channel Read/Write Circuits 5-1 3 

ML502 6, 7, or 8-Channel Read/Write Circuits 5-1 3 

ML502R 6, 7, or 8-Channel Read/Write Circuits 5-1 3 

ML502S 6, 7, or 8-Channel Read/Write Circuits 5-1 3 

ML511 4, 6, 7, or 8-Channel Read /Write Circuits 5-21 

ML511R 4,6, 7, or 8-Channel Read/Write Circuits 5-21 

ML4415 15-Channel Read/Write Circuit 5-132 

ML4415R 15-Channel Read/Write Circuit 5-132 

ML4416 14-Channel Read/Write Circuit with CS 5-132 

ML4416R 14-Channel Read/Write Circuit with CS 5-132 

ML4451 2-Channel Preamplifier for Tape Drives 5-194 

ML4452 MR Head Preamplifier for Tape Drives 

2-CH Read and 1 -CH Write with Readback 5-202 

ML4610R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit 5-269 

ML4611R 5V, 2-, 4-Channel Thin-Film Read/Write Circuit 5-269 

ML6320 3V/5V 4-Channel Thin-Film Read/Write Circuit 5-400 

Read/Write Signal Processing 

ML541 Read Data Processor 5-29 

ML4041 Read Data Processor 5-39 

ML4042 Read Data Processor 5-39 

ML4417 Zoned Bit Recording Circuit 5-140 

ML4427 Zoned Bit Recording Circuit 5-140 

ML4568 Disk Pulse Detector + Embedded Servo Detector 5-261 

ML6005 24 Mbps Read Channel Filter/Equalizer 5-275 

ML6006 36 Mbps Read Channel Filter/Equalizer 5-285 

ML6010 Integrated Disk Read Channel Processor 5-295 

ML601 2 3.5" R/W MOD Read Channel Front-end Processor 5-303 

ML601 3 3.5" R/W MOD Read Channel Back-end Processor 5-31 7 

ML6024 1 6 Mbps Filter/Equalizer for Tape Drives 5-332 

ML6025 24 Mbps Read Channel Filter/Equalizer 5-334 

ML6026 36 Mbps Read Channel Filter/Equalizer 5-344 
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Read/Write Signal Processing (Continued) 

ML6042 Tape Drive Data Channel Processor 5-365 

ML6310 3V/5V Read Channel Front-end Processor 5-369 

ML6311 3V/5V Read Channel Back-end Processor 5-384 

ML8464B Pulse Detector 5-406 

ML8464C Pulse Detector 5-406 

Servo Control ICs 

ML4401 Servo Demodulator 5-50 

ML4402 Servo Driver 5-56 

ML4403 Servo Controller 5-61 

ML4404 Trajectory Generator 5-71 

ML4406 Disk Voice Coil Servo Driver 5-82 

ML4407 Disk Voice Coil Servo Driver 5-82 

ML4408 Low Voltage Drop Voice Coil Servo Driver 5-88 

ML441 3 Servo Controller 5-61 

ML441 8 Low Saturation Voice Coil Servo Driver 5-1 50 

ML4431 Servo Demodulator 5-186 

ML4506 5V Disk Voice Coil Servo Driver 5-207 

ML4508 Low Voltage Drop Voice Coil Servo Driver 5-214 

ML4532 Servo Burst Area Detector with PWM 5-230 

ML4533 Servo Burst Area Detector without PWM 5-230 

ML4534 Area Detector Based Embedded Servo Demodulator 5-241 

ML4535 Area Detection Based Hybrid Servo Demodulator 5-248 

ML4536 Servo Burst Area Detector without PWM DAC 5-230 

Motor Control ICs 

ML4410 Sensorless Spindle Motor Controller 5-95 

ML4411 Sensorless Spindle Motor Controller 5-106 

ML4412 Enhanced Sensorless BLDC Motor Controller 5-119 

ML4420 Enhanced Sensorless BLDC Motor Controller 5-1 57 

ML4425 Sensorless BLDC PWM Motor Controller 5-170 

ML4426 Sensorless BLDC PWM Motor Controller with Reverse 5-1 70 

ML4510 5V Sensorless Spindle Motor Controller 5-221 

ML6035 5V Spindle Motor Controller and Driver 5-354 

Tape Drive 

ML4452 MR Head Preamplifier for Tape Drives 

2-CH Read and 1 -CH Write with Readback 5-202 

ML6042 Tape Drive Data Channel Processor 5-365 

Magneto Optical Drive 

ML601 2 3.5" R/W MOD Read Channel Front-end Processor 5-303 

ML601 3 3.5" R/W MOD Read Channel Back-end Processor 5-31 7 
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READ/WRITE AMPLIFIERS 


Part 
Number 


Numbers of 
Channels 


Head 
Type 


Max Input 
Noise (nV/VHz) 


Write Current 
Range (mA) 


Key Features 


Package Options 


ML117 


2, 4 or 6 


Ferrite 


2.1 


10 to 50 


Write Current Disable Function 


PDIP-18, 22, 28; 
SO-18, 24;PCC-28 


ML117R 


2, 4 or 6 


Ferrite 


2.1 


10 to 50 


Internal Damping Resistors 


PDIP-18, 22,28; 
SO-18, 24;PCC-28 


ML501 


6 or 8 


Ferrite 


1.5 


10 to 50 


Enchanced Write Stability 


PDIP-28, 40; 
SO-32; PCC-28, 44 


ML501R 


6 or 8 


Ferrite 


1.5 


10 to 50 


ML501 with Internal 
Damping Resistors 


PDIP-28, 40; 

SO-28, 32; PCC-28, 44 


ML502 


6 or 8 


Thin Film 


1.5 


10 to 50 


Enchanced Write Stability 


PDIP-28, 40; 
SO-32; PCC-28, 44 


ML502R 


6, 7 or 8 


Thin Film 


1.5 


10 to 50 


ML502 with Internal 
Damping Resistors 


PDIP-28, 40; 
SO-32; PCC-28, 44 


ML502S 


6 or 8 


Thin Film 


1.5 


10 to 50 


ML502 with Internal 750Q 
Damping Resistor 


PCC-28, 44 


ML511 


4, 6 or 8 


Ferrite 


1.5 


10 to 40 


Improved Write Stability 


SO-24; PCC-28, 44 


ML511R 


4, 6, 7 or 8 


Ferrite 


1.5 


10 to 40 


ML511 with Internal 
Damping Resistor 


SO-24; PCC-28, 44 


ML4415 


15 


Ferrite 


1.5 


10 to 40 


Improved Write Current Stability 


PCC-44 


ML4415R 


15 


Ferrite 


1.5 


10 to 40 


ML441 5 with Internal 
Damping Resistor 


PCC-44 


ML4416 


14 


Ferrite 


1.5 


10 to 40 


Chip Select Input 


PCC-44 


ML441 6S 


14 


Ferrite 


1.5 


10 to 40 


ML4416 with Internal 
Damping Resistor 


PCC-44 


*ML4610R 


2 or 4 


Thin Film 


0.85 


5 to 35 


Switchable Damping Res. (700ft) 


SO-16, 20 


*ML461 1 R 


4 


Thin Film 


0.85 


5 to 35 


Switchable Damping Res. (700Q) 
and Write Current Adjust 


SO-24 


ML6320-3 


4 


Thin Film 


0.6 


3 to 30 


2.7V to 3.6V Operating Supply 


SSOP-20 


ML6320-5 


4 


Thin Film 


0.6 


3 to 30 


5V, SSI/VTC Alternate Source 


SOIC-20 



Note: * Possible uses in Tape Drive Applications. 
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READ/WRITE SIGNAL PROCESSING 


Part Number 


Function 


Key Features 


Package Options 


ML4041 


Read Data Processor 


Fast AGC Recovery, 1 ns Pulse Pairing 


PDIP-24, SO-24, PCC-28 


ML4042 


ML4041 with Undervoltage Detector 


Fast AGC Recovery, 1 ns Pulse Pairing 


PDIP-28, SO-28, PCC-28 


ML441 7 
ML4427 


Zone Bit Recording IC 


100MHzVCO 


SO-16,PDIP-16 


ML4568 


Pulse Detector with Embedded Servo 


5V Only; 1 ns Pulse Pairing 


PCC-28 


*ML541 


Read Data Processor 


15 MB its/sec Data Rate 


PDIP-24, CERDIP-24, PCC-28, 


SO-24 


ML6005 


24 Mbps HDD Filter/Equalizer 


Low Power/High Performance 


SSOP-20 


ML6006 


36 Mbps HDD Filter/Equalizer 


Low Power/High Performance 


SSOP-20 


ML6010 


36 Mbps Read Channel Combo 


Low Cost/High Integration 
Configurable Array 


QFP-52 


ML6024 


1 6Mbps Tape Filter/Equalizer 


Parasitic Insensitive Gm/C Filter, 
Programmable fc 2-9MHz, 
10dB Boost 


SSOP-20 


ML6025 


24Mbps HDD Filter/Equalizer 


Parasitic Insensitive Gm/CFilter, 
Programmable fc 3-1 3MHz, 
1 0dB Boost 


SSOP-20 


ML6026 


36Mbps Tape Filter/Equalizer 


Parasitic Insensitive Gm/C Filter, 
Programmable fc 4-20MHz, 
10dB Boost 


SSOP-20 


ML6310 


3V/5V HDD Read Channel 
Front-end Processor 


Low Profile Package, 

High Integration, Low Power, 

3V/5V Supplies 


TQFP-32 


ML6311 


3V/5V HDD Read Channel 
Back-end Processor 


Low Profile Package, 

High Integration, Low Power, 

3V/5V Supplies 


TQFP-32 


ML8464B 


Pulse Detector 


DP8464B Second Source 


PDIP-24, PCC-28 


ML8464C 


Pulse Detector 


1ns Pulse Pairing 


PDIP-24, PCC-28 



Note: * Possible uses in Tape Drive Applications. 
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SERVO CONTROL ICs 


Part Number 


Function 


Key Features 


Package Options 


ML4401 


Servo Demodulator 


ECL Output VCO 


PDIP-28, PCC-28 


ML4402 


Servo Driver, External Power Drive 


Low Offset (±5mV) 


PDIP-20, PCC-20 


ML4403 


Servo Controller 


On-Chip Interpolation Function 


PDIP-20, PCC-20 


ML4404 


Analog Trajectory Generator 


User-Defined Trajectory, 2 DACs 


PDIP-28, PCC-28 


ML4406 


Servo Driver, Internal Power Drive 


Internal Threshold Reference 


PCC-20 


ML4407 


Servo Driver, Internal Power Drive 


External Threshold Reference 


PCC-20 


ML4408 


Low Voltage Drop Servo Driver 


5V Only or 1 2V Operation 


SOIC-24 


ML441 3 


Servo Controller 


ML4403 with Ext. Amp. Nulling 


PDIP-24, PCC-28 


ML4418 


Low Saturation Voice Coil 
Servo Driver 


On-Chip Precision Power Fail 
Detect Circuitry 


SOIC-20 


ML4431 


Servo Demodulator 


Enhanced ML4401 ; TTL Output 


PCC-32 


ML4506 


Servo Driver, Internal Power Drive 


5V Operation, Internal 
Threshold Reference 


SOIC-20, SSOP-20 


ML4508 


Low Voltage Drop Servo Driver 


5V Operation 


SOIC-20 


ML4532 


Servo Burst Area Detector 


Includes PWM DAC 


SSOP-20, PCC-20 


ML4533 


Servo Burst Area Detector 


No PWM DAC, Reference 
Levels Compatible to 
ML A/D Converters 


SOIC-16 


ML4536 


Servo Burst Area Detector 


No PWM DAC, Reference 
Levels Compatible to 
Zilog uC with ADC 


SOIC-16 


ML4534 


SUM/DIFF Area Detector 


For Hybrid Servo 


PCC-20 


ML4535 


Hybrid Servo Demodulator 


Integration/Area Detection 


PCC-32 


MOTOR CONTROLLER ICs 


Part Number 


Function 


Key Features 


Package Options 


ML4510 


Sensorless Spindle Motor Controller 


Linear or PWM, PNP Drivers, 
5V Operation 


SOIC-28 


ML4410 


Sensorless Spindle Motor Controller 


Linear or PWM, FET Drivers 


SOIC-28, PCC-28 


ML441 1 


Sensorless Spindle Motor Controller 


Linear or PWM, FET Drivers 


SOIC-28, PCC-28 


ML4412 


Sensorless Spindle Motor Controller 


Linear or PWM, FET Drivers, 200mW 


SOIC-28 


ML4420 


Sensorless Spindle Motor Controller 


U.P Controlled PWM, FET Drivers, 
200mW 


SOIC-28 


ML4425 


Sensorless Motor Controller 


On Board PWM Generator and 
Speed Controller, FET Drivers 


PDIP-28N, SOIC-28 


ML4426 


Sensorless Motor Controller 
with Reverse 


On Board PWM Generator and 
Speed Controller, FET Drivers 


PDIP-28N, SOIC-28 


ML6035 


Sensorless Spindle Motor Controller 


\i? Controlled, 1 A FET Drivers, 
5V Operation, Phase Advance 


TQFP-32 
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TAPE DRIVE 



Part Number 


Function 


Key Features 


Package Options 


ML6042 


Tape Drive Data Channel Processor 


Complete Read/Write Data Channel 
for QIC40/80/301 0/3020 Tape Drives 


SOIC-32 


ML4451 


Tape Drive Read/Write Preamplifier 


Isolated 2R & 2W Channels, 
Ferrite Heads 


SOIC-24 


ML4452 


MR Head Preamplifier 
for Tape Drives 


2 Channel Read and 1 Channel Write 
with Read back 


SSOP-20 



MAGNETO OPTICAL DRIVE 



Part Number 


Function 


Key Features 


Package Options 


ML6012 


3.5" R/W MOD Read Channel 
Front-end Processor 


Supports 128M and 230M ISO 
standards for R/W Magneto-Optical 
Drives, implements complete read 
channel with ML601 3 


TQFP-32 


ML6013 


3.5" R/W MOD Read Channel 
Back-end Processor 


Supports 1 28M and 230M ISO 
standards for R/W Magneto-Optical 
Drives, implements complete read 
channel with ML601 2 


TQFP-32 
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ML117, ML117R 



2, 4, or 6-Channel 
Read /Write Circuits 



GENERAL DESCRIPTION 

The ML117 devices are bipolar monolithic integrated circuits 
designed for use with center-tapped ferrite recording heads. 
They provide a low noise read path, write current control, 
and data protection circuitry for as many as six channels. The 
ML117 requires +5V and +12 V power supplies and is availa- 
ble in 2, 4, or 6-channel versions with a variety of packages. 
The ML117 contains exclusive circuitry that inhibits write 
current during device power-up, thereby eliminating power- 
up "glitches" common to similar read/write circuits. 
The ML117R differs from the ML117 by having internal 
damping resistors. 



FEATURES 

■ Exclusive write current disable during power-up 

■ Replacement for SSI 32R117/117R 

■ +5V, +12 V power supplies 

■ Single or multi-platter Winchester drives 

■ Designed for center-tapped ferrite heads 

■ Programmable write current source 

■ Available in 2, 4, or 6 channels 

■ Easily multiplexed for larger systems 

■ Includes write unsafe detection 

■ TTL compatible control signals 



BLOCK DIAGRAM 



Vcc VDD1 GND V D D2 vct 

▼ ▼ "=" rFWTFB 



WRITE 
CURRENT 
DISABLE 



CENTER 

TAP 
DRIVER 



MODE 
SELECT 



READ 
BUFFER^ 



X 



WRITE 

UNSAFE 

DETECTOR 



rr 



READ 
PREAMP^ 



WRITE 
DRIVER 



WRITE 
CURRENT 
SOURCE 



6 
WC 



> HOX 

> HOY 

> H1X 

> H1Y 

> H2X 

> H2Y 

> H3X 

> H3Y 

> H4X 
) H4Y 

> H5X 
» H5Y 
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PIN CONNECTIONS 

ML117-40RML117R-4 
4 Channels 

22-PIN DIP 



ML117-40RML117R-4 
4 Channels 

24-PIN SOIC 




cs CC 


1 


24 XI HSO 


gnd n: 


2 


23 XI HS1 


hox CE 


3 


22 


XI WDI 


HOY d 


4 


21 


XI v D d1 


H1X CE 


5 


20 


X3 Vdd2 


hiy cr 


6 


19 


X] Vct 


H2X HE 


7 


18 


XI H3X 


H2Y CX 


8 


17 


XI H3Y 


r/w cr 9 


16 


XI NC 


wc cr 


10 


15 


XI NC 


RDX CH 11 


14 


XI wus 


RDY CE 12 


13 


XI Vcc 



5C 




GNDr~" 


2 


NC|~~ 


3 


HOX | 


4 


hoy[ 


5 


R/W[~"" 


6 


WC | 


7 


RDXf - 


8 


RPYJ 


9 



ML117-2 0RML117R-2 
2 Channels 

18-PIN SOIC AND DIP 

1 C7~ 



17 



| HSO 
| WDI 
16 ^] VddI 
15 ^2 Vdd2 

14 H] Vct 

ZI H1X 

| H1Y 
| WUS 

H]vcc 



ML117-60RML117R-6 
6 Channels 

28-PIN PCC 

GND_ HSO HS2 
HOX | CS | HS1 | WDI 



1 28 27 26 



ML117-60RML117R-6 
6 Channels 



HS0[ 

5[ 
gnd[ 

H0X[ 

hoy[ 

H1X[ 

hiy[ 

H2X[ 
H2Y[ 

R/W 

wc[ 

NC[ 
RD\[ 

rdy[ 



1 


T7~ 


28 


2 




27 


3 




26 


4 




25 


5 




24 


6 




23 


7 




22 


8 




21 


9 




20 


10 




19 


11 




18 


12 




17 


13 




16 


14 




15 



hoy[ 

H1X[ 

hiy[ 

H2X[ 8 
H2Y[ 9 
R/W[ 10 

wc[ 11 



12 13 14 15 16 17 



]v D d1 

]v D d2 

]v CT 

]H5X 

H5Y 

]H4X 

]H4Y 



]hsi 

] HS2 
]WDI 

]v DD i 

]V DD 2 
]VCT 
] H5X 
] H5Y 
]H4X 
] H4Y 
]H3X 
] H3Y 



NC | RDY | WUS | H3X 
RDX Vcc H3Y 



PIN DESCRIPTION 






NAME 


FUNCTION 


NAME 


FUNCTION 


HS0-HS2 


Head Select (six heads) 


RDX, RDY 


X, Y Read Data (differential read 


CS 


Chip Select (low level enables 




signal out) 




chip) 


WC 


Write Current (used to set the write 


R/W 


Read /Write (high level selects 




current magnitude) 




Read mode) 


Vct 


Voltage Center Tap (center tap 


WUS 


Write Unsafe, open collecter out- 




voltage source) 




put (high level indicates alarm) 


Vcc 


+5 volts 


WDI 


Write Data In (negative transition 


V DD 1 


+12 volts 




toggles head current direction) 


V DD 2 


Positive supply for center tap 


H0X-H5X 


X head connections 


GND 


Ground 


H0Y-H5Y 


Y head connections 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

V DD 1 -0.3to14VDc 

V DD 2 -0.3to14VDc 

V cc -0.3 to 6Vdc 

Input Voltage Range 

Digital Inputs (CS, R/W, HS, WDI) -0.3 to V cc +0.3 V^ 

Head Ports (H0X-H5X, H0Y-H5Y) .... -0.3 to V DD 1 +0.3 V^ 
Write Unsafe (WUS) -OJtoMVrx 

WriteCurrent (l w ) 60mA 

Output Current 

Read Data(RDX, RDY) -10mA 

Center Tap Current Oct) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°C to 150°C 

Junction Temperature (Tj) 125°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

V DD 1 12V±10% 

V cc 5V±10% 

V DD 2 6.5toV DD 1 

Head Inductance (Lh) 5 to 15/*H 

Damping Resistor (R D/ ML117 only) 500 to 2000Q 

RCT Resistor 0/2 Watt) 130Q±5% 

WriteCurrent (l w ) 25 to 50mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified V DD 1 = 12V±10%, V CC =5V±10%, 0°C<T A < 70°C (Notes 2 and 3). 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



DC OPERATING CHARACTERISTICS 



POWER SUPPLY 



DIGITAL INPUTS (CS, R/W, HS, WDI) 



WUS OUTPUT 



CENTER TAP VOLTAGES 



MAX 



UNITS 



»cc 


Vcc Supply Current 


Read or Idle Mode 






25 


mA 




Write Mode 






30 


mA 


'dd 


Vd D Supply Current 


Read Mode 






50 


mA 




Write Mode 






30+l w 


mA 




Idle Mode 






25 


mA 


Pd 


Power Dissipation 


Read Mode 






600 


mW 




Write Mode l w =50mA, Rct=130Q 






700 


mW 




Write Mode I w - 50 m A, 
Rct=0Q 






1050 


mW 




Idle Mode 






400 


mW 



V| H 


High Voltage 




2 




V cc +0.3 


Vdc 


V,l 


Low Voltage 




-0.3 




0.8 


Vdc 


Iih 


High Current 


V| H = 2.0V 






100 


ma 


Iil 


Low Current 


V, L =0.8V 


-0.4 






mA 



Vol 


Output Low Voltage 


Iql= 8mA (Safe) 






0.5 


Vdc 


'oh 


Output High Current 


Vqh = 5V (Unsafe) 






100 


HA 



Vct 


Read Mode 


Read Mode 




4 




Vdc 


V CT 


Write Mode 


Write Mode 




6 




Vdc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specifiedV DD 1-12V±10%, V C c-5V±10%, l w =45mA, L H =10|4H, R D -750Q,f D ATA=5MHz, 
C L (RDX, RDY)<20pF, 0°C«T A <70°C (Notes 2 and 3) (V| N is referenced to V CT for Read Mode Characteristics). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE MODE CHARACTERISTICS 


w 


Write Current Range 


l\^z = K/ Rwc 


10 




50 


mA 


K 


Write Current Constant 




133 




147 


V 


Vhd 


Differential Head Voltage Swing 




8 






V PK 


Ihu 


Unselected Head Transient 
Current 








2 


mAp K 


C OD 


Differential Output Capacitance 








15 


pF 


Rod 


Differential Output Resistance 


ML117 


10 k 






Q 




ML117R 


562 




938 


Q 


fwDi 


WDI Transition Frequency 


WUS=Low 


250 






kHz 


A, 


l W S to Head Current Gain 






20 




A/A 


«L 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


fA 


READ MODE CHARACTERISTICS 


Av 


Differential Voltage Gain 


V, N = 1mV P .p@ 300 kHz, 
R L (RDX,RDY)=1kQ 


80 




120 


V/V 


DR 


Dynamic Range 


DC Input Voltage (Vj) Where Gain Falls 10%, 
V, N - Vj +0.5 mV P .p @ 300 kHz 


-3 




+3 


mV 


BW 


Bandwidth (-3dB) 


|Zsl<5Q,V, N = 1mV RM s 


30 






MHz 


e IN 


Input Noise Voltage 


BW=15MHz,L H =0,R H =0 






2.1 


nV/VHz 


Qn 


Differential Input Capacitance 








20 


PF 


R IN 


Differential Input Resistance 


ML117 


2k 






Q 




ML117R 


390 




810 


Q 


•in 


Input Bias Current 








45 


ma 


CMRR 


Common-Mode Rejection Ratio 


VcM- v CT+100rm/p_p@f=5MHz 


50 






dB 


PSRR 


Power Supply Rejection Ratio 


100mVp. P @ 5 MHz on V DD 1, V DD 2, or V cc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V, N =100mVp. P @5MHz 
and Selected Channel: 
V| N =0mVp_ P 


45 






dB 


Vos 


Output Offset Voltage 




-480 




+480 


mV 


V OCM 


Common-Mode Output Voltage 


Read Mode 
Write or Idle Mode 


5 




7 


V 






4.3 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


II 


Leakage Current, RDX, RDY 


RDX, RDY - 6 V Write or Idle Mode 


-100 




+100 


ma 


b 


Output Current 


AC Coupled Load, RDX to RDY 


2 






mA 



5-8 



^L^ Micro Linear 



ML117, ML117R 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V DD 1 = 12V±107o,V C c = 5V±10%, l w =45mA, L H -10^H, R D =750Q,f DATA -5MHz, 
0°C< T A < 70°C (Notes 2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


*RW 


R/ W to Write Switching Delay 


To 90% of Write Current Output 






1 


MS 


*WR 


R/Wto Read Switching Delay 


To 90% of 100mV, 10MHz Read Signal 
Envelope or to 90%> Decay of 
Write Current 






1 


MS 


t|W 

or 

t|R 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
100 mV, 10 MHz Read Signal Envelope 






1 


MS 


l WI 

or 

tRI 


CS to Select Switching Delay 


To 90% Decay of lOOmV, 10MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 






1 


MS 


l HS 


Head Select Switching Delay 


To 90% of 100 mV, 10MHz Read Signal 
Envelope 






1 


MS 


tD1 


Safe to Unsafe 
Write Unsafe Delay 


l w =50mA 


1.6 




8 


MS 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


l w =50mA 






1 


MS 


tD3 


Head Current Prop. Delay 


L H =0, R H =0 From 50% points 






25 


nS 


tD3 


Head Current Asymmetry 


WDI has 50% Duty Cycle and 1 nS Rise/ Fall 
Time 






2 


nS 




Time Head Current Rise/ Fall 


10% and 90% Points 






20 


nS 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 125°C. 



TIMING DIAGRAMS 




Write Mode Timing Diagram 



Micro Linear 
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FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

The ML117, ML117R functions as a write driver or as a read 
amplifier for the selected head. Head selectiqnand mode 
control are described in Tables 1&2. Both R/W and CS have 
internal pull-up resistors for the prevention of an accidential 
write condition. 

READ MODE 

In the Read Mode the ML117, ML117R is configured as a low 
noise differential amplifier, the write current source and the 
write unsafe detector are deactivated, and the write data flip- 
flop is set. The RDX and RDY outputs are driven by emitter 
followers and are in phase with the "X" and "Y" head ports. 

The internal write current source is deactivated for both the 
Read and the Chip Deselect modes which eliminates the 
need for external gating of the write current source. 

WRITE MODE 

The Write mode configures the ML117, ML117R as a current 
switch and activates the Write Unsafe Detector. The head 
current is toggled between the X- and Y-side of the recording 
head on the falling edges of WDI, Write Data Input. A pre- 
ceding read operation initializes the Write Data Flip-Flop, 
WDFF, to pass current through the X-side of the head. The 
magnitude of the write current, given by: 

lw - K/Rwg where K - Write Current Constant 

is set by the external resistor, Rwo connected from pin WC 
toGND. 

Any of the following conditions will be indicated as a high 
level on the Write Unsafe, WUS, open collector output. 

• Head open 

• Head center tap open 

• WDI frequency too low 

• Device in Read mode 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 



Tablet 



Table 2. 



Head Select 



HS2 


HS1 


HSO 


HEAD 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 


X 


NONE 



= Logic Level Low 

1 = Logic Level High 
X - Don't Care 



Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



= Logic Level Low 

1 - Logic Level High 
X - Don't Care 
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TYPICAL APPLICATION 



+5V +12V 



MICROPROCESSOR 

AND 
CONTROL LOGIC 



WRITE DATA INPUT - 



READ DATA OUTPUT 



(3) 



"B 



"1. 



100 pF 



Rcrd) 



Vcc VddI v D d2 Vct 
HOX 



wus 

R/W 

cs 



HOY 
H1X 



H1Y 
H2X 




RD*(4) 



HSO 

HS1 ML117 H2Y 



H3Y 
H4X 



WDI 
RDX 
RDY 



H4Y 
H5X 



WC CND H5Y 



:!• 



(2) 



1- 



:]• 



J" 



3- 



READ/WRITE 
HEADS 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect V DD 1 to V DD 2). 

RCT (1/2 Watt) - 130 (55/ l w ) ohms 
where l w = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/4A6. 

3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY 
output current must be limited to 100 ^A. 

4. Damping resistors not required on ML117R. 



THERMAL CHARACTERISTICS 


28-Lead 

PDIP 

PCC 


80°C/W 
60°C/W 


24-Lead 
SOIC 


60°C/W 


22-Lead 
PDIP 


100°C/W 


18-Lead 

PDIP 

SOIC 


115°C/W 
85°C/W 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


NUMBER OF CHANNELS 


ML117-2CP 
ML117R-2CP 
ML117-2CS 
ML117R-2CS 


18-Lead Molded DIP (P18) 
18-Lead Molded DIP (P18) 
18-Lead Molded SOIC (S18) 
18-Lead Molded SOIC (S18) 


2 
2 
2 
2 


ML117-4CP 
ML117R-4CP 
ML117-4CS 
ML117R-4CS 


22-Lead Molded DIP (P22) 
22-Lead Molded DIP (P22) 
24-Lead Molded SOIC (S24) 
24-Lead Molded SOIC (S24) 


4 
4 
4 
4 


ML117-6CP 
ML117R-6CP 
ML117-6CQ 
ML117R-6CQ 


28-Lead Molded DIP (P28) 
28-Lead Molded DIP (P28) 
28-Lead PCC (Q28) 
28-Lead PCC (Q28) 


6 
6 
6 
6 
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ML501, ML501R, ML502, 
ML502R, ML502S-Series 



6, l t or 8-Channel 
Read/Write Circuits 



GENERAL DESCRIPTION 

The ML501, ML502 family of devices are bipolar monolithic 
read /write circuits designed for use with fixed disk center- 
tapped recording heads. The ML501 and ML501R are de- 
signed for use with ferrite recording heads while the ML502, 
ML502R and ML502S are designed for thin film or composite 
heads. The R and S designation in the part number indicate 
that these parts have internal head damping resistors. 

The ML501, ML502 family provides up to eight multiplexed 
read /write data channels. These circuits exhibit features not 
found in similar read /write circuits such as improved write 
current stability and the elimination of write current "glit- 
ches" during power-up. The exclusive ML502 is identical to 
the ML501 except that the write unsafe detect circuitry is 
designed to operate with lower head inductance. 



FEATURES 

■ Exclusive write current disable during power-up 

■ Enhanced write current stability 

■ ML501, ML501R is replacement for SSI 32R501/501R 
and is designed for center-tapped ferrite heads 

■ ML502, ML502R, and ML502S are designed for center- 
tapped thin film or composite heads 

■ Single or multi-platter Winchester drives 

■ Easily multiplexed for larger systems 

■ Available in 6, 7 or 8 channels 

■ TTL compatible control signals 

■ Programmable write current source 

■ Includes write unsafe detection 

■ Available in a selection of packages 

■ +5V, +12 V power supplies 



BLOCK DIAGRAM 



Vcc Vddi GND v D d2 Vcr 

A 1 1 JL_1 



WRITE 
CURRENT 
DISABLE 



CENTER 

TAP 
DRIVER 



MODE 
SELECT 



RDYO- 



READ 
BUFFER 



<3T 



WRITE 

UNSAFE 
DETECTOR 



READ 
PREAMP 



^ 



WRITE 
DRIVER 



WRITE 
CURRENT 
SOURCE 



6 
WC 



) HOX 

> HOY 

> H1X 
) H1Y 

> H2X 

> H2Y 

) H3X 
)H3Y 

> H4X 
) H4Y 

) H5X 
)H5Y 

) H6X 
>H6Y 

) H7X 
) H7Y 
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ML501, ML501R, ML502, ML502R, ML502S 



PIN CONNECTIONS 

ML501-6ORML501R-6 

OR ML502-6 OR ML502R-6 

6 Channels 

28-PIN DIP AND SOIC 



H0X[ 


, ^ > 


]CND 


hoy[ 


2 


27 


T MUST REMAIN 
J OPEN 


H1X[ 


3 


26 


]B 


hiy[ 




25 


] R/W 


H2X[ 


5 


24 


] WC 


H2Y[ 


6 


23 


] RDY 


H3x[ 




22 


] RDX 


H3Y[ 


8 


21 


] HSO 


H4X[ 


9 


20 


] HS1 


H4Y[ 


10 


19 


] HS2 


H5X[ 


11 


18 


]v cc 


H5Y[ 


12 


17 


] WDI 


vcrf 


13 


16 


] WUS 


/DD2[ 


14 


15 


]v DD i 



ML501-8ORML501R-8 

OR ML502-8 OR ML502R-8 

ORML502S-8 

8 Channels 

44-PIN PCC 

MUST REMAIN OPEN 



H1X NC HOX I _ NC 

H1Y | NC | HOY I CND CS I 
t — 1 1 — ir— ir-ir- ir-ir-irhr— ir— i 




ML501-8ORML501R-8 

OR ML502-8 OR ML502R-8 

8 Channels 

32-PIN SOIC 



HOXCE 


1 


32 


HOYCC 


2 


31 


H1XCX 


3 


30 


H1YCX 


4 


29 


H2XCX 


5 


28 


H2YCE 


6 


27 


H3XCE 


7 


26 


H3YJX 


8 


25 


H4XCE 


9 


24 


H4YDI 


10 


23 


H5XCE 


11 


22 


H5YCE 


12 


21 


H6XCE 


13 


20 


H6YEE 


14 


19 


H7XCD 


15 


18 


H7YCE 


16 


17 



33 GND 

MUST REMAIN 

OPEN 
33CS_ 
XI R/w 
X] wc 

13 RDY 
H3 RDX 
HD HSO 
XI HS1 
XJHS2 

XJVcc 

XI WDI 

XI wus 
X3 v D d1 

XI Vqd2 
X3VCT 



ML501-6ORML501R-6 

OR ML502-6 OR ML502R-6 

ORML502S-6 

6 Channels 

28-PIN PCC 

MUST REMAIN OPEN 
H1X HOX 
H1Y I HOY | CND [ 



TtTC 

NC | H7Y | V D d2 | NC | I* 
H7X V CT VddI 




ML501-8ORML501R-8 


OR ML502-8 OR ML502R-8 


8 Channels 






40-PIN DIP 






H0X[ 




^J 


40 


]gnd 


hoy[ 


2 




39 


"I MUST REMAIN 
J OPEN 


NCL 


3 




38 


]NC 


NC[ 


4 




37 


]NC 


H1X[ 






36 


]« 


H1Y[ 


6 




35 


]r/w 


H2X[ 






34 


]wc 


H2Y[ 


8 




33 


]rdy 


H3X[ 


9 




32 


]rdx 


H3Y[ 


10 




31 


]hso 


H4X[ 


11 




30 


]HS1 


H4Y[ 


12 




29 


]HS2 


H5X[ 


13 




28 


]v cc 


H5Y[ 


14 




27 


]wdi 


H6X[ 


15 




26 


]wus 


H6Y[ 


16 




25 


]NC 


NC[ 


17 




24 


]NC 


NC[ 


18 




23 


]Vdd1 


H7X[ 


19 




22 


]Vdd2 


H7Y[ 


20 




21 


]VCT 



ML502S-7CQ 
ML502R-7CQ 

H1X HOX R/W 
H1Y | HOY | GND | WC 



H5Y | V D d2 I WUS | Vcc 

Va VddI wdi 




H5Y | H6Y | V D D2 I WUS 
H6X V CT Vddi 
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PIN DESCRIPTION 






NAME 


FUNCTION 


NAME 


FUNCTION 


HS0-HS2 


Head Select (eight heads) 


RDX, RDY 


X, Y Read Data (differential read 


CS 


Chip Select (low level enables 




signal out) 




chip) 


WC 


Write Current (used to set the write 


R/W 


Read /Write (high level selects 




current magnitude) 




Read mode) 


VCT 


Voltage Center Tap (center tap 


WUS 


Write Unsafe, open collecter out- 




voltage source) 




put (high level indicates an unsafe 


Vcc 


+5 volts 




writing condition) 


VddI 


+12 volts 


WDI 


Write Data In (negative transition 


V D d2 


Positive supply for center tap 




toggles head current direction) 


GND 


Ground 


H0X-H7X 


X head connections 






H0Y-H7Y 


Y head connections 
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ABSOLUTE MAXIMUM RATINGS 

(Notefl 

Power Supply Voltage Range 

V DD 1 -03to14V DC 

V DD 2 -0.3to14VDc 

V cc -0.3to6VDc 

Input Voltage Range 

Digital Inputs (CS, R/W, HS, WDI) -0.3 to V cc +0.3 Vqc 

Head Ports (H0X-H7X, H0Y-H7Y .... -0.3 to V DD 1 +0.3 V DC 
Write Unsafe (WUS) -0.3to14V DC 

Write Current (l w ) 60mA 

Output Current 

Read Data(RDX, RDY) -10mA 

Center Tap Current (l CT ) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°C to 150°C 

Junction Temperature (Tj) 135°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

V DD 1 12V±10% 

V cc 5V±10% 

Head Inductance 

L H ,ML501orML501Ronly 5to15piH 

L H , ML502, ML502R, ML502S only 400 to 1000 nH 

Damping Resistor (R D/ ML501 only) 500 to 2000Q 

RCT Resistor (V2 Watt) 120Q±5% 

Write Current (l w ) 22 to 50mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified V DD 1 = 12V±10%, V CC =5V±10% / Rct=120Q ±5%, l w =45mA, 0°C<T A < 70°C (Notes 2 and 3). 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



DC OPERATING CHARACTERISTICS 



POWER SUPPLY 



DIGITAL INPUTS (CS, R/W, HS, WDI) 



WUS OUTPUT 



CENTER TAP VOLTAGES 



MAX 



UNITS 



•cc 


V C c Supply Current 


Read or Idle Mode 






25 


mA 




Write Mode 






25 


mA 


'dd 


V DD Supply Current 


Read Mode 






48 


mA 




Write Mode 






25+l w 


mA 




Idle Mode 






20 


mA 


Pd 


Power Dissipation 


Read Mode 






770 


mW 




Write Mode l w = 50 mA 






830 


mW 




Write Mode l w = 50 mA, 
Rcr=0Q 






1125 


mW 




Idle Mode 






400 


mW 



V, H 


High Voltage 




2 






Vdc 


V, L 


Low Voltage 








0.8 


Vdc 


Iih 


High Current 


V, H = 2.0V 






100 


ma 


Iil 


Low Current 


V, L =0.8V 


-0.4 






mA 



Vol 


Output Low Voltage 


l OL = 8 mA (Safe) 






0.5 


Vdc 


•oh 


Output High Current 


V OH = 5V (Unsafe) 






100 


ma 



Vct 


Read Mode 


Read Mode 




4 




Vdc 


V CT 


Write Mode 


Write Mode 




6 




Vdc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V DD 1 = 12V±10%,V C c=5V±10% / R CT =120Q±5% / l w =45mA, L h = 10jkH (ML501, ML501R), 
L H = 600nH (ML502, ML502R, ML502S), R D = 750Q (ML501), f DAT A = 5MHz, C L (RDX, RDY)<20pF, 0°C<T A < 70°C 
(Notes 2 and 3) (Vin is referenced to Vq- for Read Mode Characteristics). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE MODE CHARACTERISTICS 


'WR 


Write Current Range 


l\/V=K/R\/yc 


10 




50 


mA 


K 


Write Current Constant 




129 




151 


V 


Vhd 


Differential Head Voltage Swing 




7.5 






V PK 


'hu 


Unselected Head Transient 
Current 








2 


mAp K 


Cod 


Differential Output Capacitance 








15 


pF 


Rod 


Differential Output Resistance 


ML501, ML502 


10 k 






Q 




Tj = 25°C ML501R,ML502S/ML502R 


560/180 




940/300 


Q 


f\A/DI 


WDI Transition Frequency 


WUS = Low 


250 






kHz 


A. 


'wc to Head Current Gain 






20 




A/A 


"l 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


^A 


READ MODE CHARACTERISTICS 


A v 


Differential Voltage Gain 


V| N = 1mVp. P @300kHz, 
R L (RDX,RDY) = 1kC» 


90 




120 


V/V 


DR 


Dynamic Range 


DC Input Voltage (V,) Where Gain Falls 10%, 
V| N =V,+0.5mV P .p@ 300 kHz 


-3 




+3 


mV 


BW 


Bandwidth (-3dB) 


|Z s |<5Q,V, N = 1mV P .p 


30 






MHz 


eiN 


Input Noise Voltage 


BW=15MHz, L H =0, R H =0 






1.5 


nV/VHz 


Qn 


Differential Input Capacitance 


f=5MHz 






23 


pF 


R|N 


Differential Input Resistance 


f=5MHz,Tj = 25°C ML501, ML502 

V, N = 6mV P .p ML501R,ML502S/ML502R 


2k 






Q 




530/180 




790/300 


Q 


'in 


Input Bias Current (1 side) 








100 


MA 


CMRR 


Common-Mode Rejection Ratio 


V CM =V C T+100mVp_p@f==5MHz 


50 






dB 


PSRR 


Power Supply Rejection Ratio 


100 mVp.p @ 5 MHz on V DD 1, V DD 2, or V cc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V| N = 100mV P .p@5MHz 
and Selected Channel: 
V| N =0mVp. P 


45 






dB 


Vos 


Output Offset Voltage 




-480 




+480 


mV 


V OCM 


Common-Mode Output Voltage 


Read Mode 


5 




7 


V 




Write or Idle Mode 




4.3 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


Rl 


External Resistive Load 
(AC Coupled to Output) 


Per Side to GND 


100 






Q 


"l 


Leakage Current, RDX, RDY 


3 V< (RDX, RDYX8 V Write or Idle Mode 


-50 




50 


^ 


Zo 


Center Tap Output Impedance 


0MHz<f<5MHz 






150 


Q 


'o 


Output Current 


AC Coupled Load, RDX to RDY 


2 






mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V DD 1-12V±107o,V C c=5V±10%,R CT -1202 ±5%, l w =45mA,L H = 10 f jH(ML501,ML501R), 
L H =600nH (ML502, ML502R, ML502S), R D =750Q (ML501), f DATA =5MHz, 0°C<T A <70°C (Notes 2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


*RW 


R/ W to Write Switching Delay 


To 90% of Write Current Output 






600 


ns 


t\A/R 


R/W to Read Switching Delay 


To 90% of 100 my 10 MHz Read Signal 
Envelope or to 90% Decay of 
Write Current 






600 


ns 


or 

t|R 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
100 mV, 10MHz Read Signal Envelope 






600 


ns 


*WI 

or 

tRI 


CS to Unselect Switching Delay 


To 90% Decay of 100 mV, 10 MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 






600 


ns 


tHS 


Head Select Switching Delay 


To 90% of 100mV, 10MHz Read Signal 
Envelope 






600 


ns 


tD1 


Safe to Unsafe 
Write Unsafe Delay 


l w = 50mA 


1.6 




8 


us 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


lw=20mA 






1 


us 


tD3 


Prop. Delay Head Current 


L H =0, R H = From 50% points 




25 


40 


ns 


tD3 


Asymmetry Head Current 


WDI has 50% Duty Cycle and 1 nS Rise/ Fall 
Time 






2 


ns 




Rise/ Fall Head Current 


10% and 90% Points 






20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature 0j) should not exceed 135°C. 



TIMING DIAGRAM 




Write Mode Timing Diagram 
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FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML5Q1, ML502 functions as a read 
amplifier when in the Read mode, or as a write current 
switch when in the Write mode. Pins HSO, HS1 and HS2 
determine head selection while pin R/W controls the Read/ 
Write mode. A detected "write-unsafe" condition is indi- 
cated by pin WUS. 

READ MODE 

When the ML501, ML502 is in the Read Mode, it operates as 
a low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the write 
unsafe detector and the write current source are deactivated. 
The center tap voltage is also lowered. Pins RDX and RDY 
provide differential emitter follower outputs which are in 
phase with the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter- 
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 

The ML501, ML502 operates as a write-current switch when 
in the Write mode. Write current magnitude is determined by 
the following relationship: 

lw = K/Ryvc 

Where: K = Write Current Constant 



Tablet. 



R wc 



• Resistance connected between pin WC and 
GND. 



The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML501, ML502 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. 

The ML501, ML502 exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read /write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML502, ML502R, ML502S differ from the ML501, 
ML501R by having write unsafe detect circuitry that is de- 
signed to operate with lower amplitude write pulse voltages, 
which result from the lower head inductance of thin film or 
composite heads. 



Table 2. 



Head Select 



HS2 


HS1 


HSO 


HEAD 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



- Logic Level Low 

1 = Logic Level High 
X - Don't Care 



Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



- Logic Level Low 

1 = Logic Level High 
X - Don't Care 
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TYPICAL APPLICATION 



MICROPROCESSOR 

AND 
CONTROL LOGIC 



WRITE DATA INPUT- 
READ DATA OUTPUT 



£Rct(D 



Vcc VDD1 VdD2 Vct 
HOX 



wus 

R/W 

cs 



HSO 
HS1 
HS2 



HOY 
H1X 



H1Y 
H2X 



H2Y 
H3X 



ML501/501R 
ML502/502R H3Y 
ML502S H4X 



H4Y 
H5X 



WD I 
RDX 
RDY 



H5Y 
H6X 



H6Y 
H7X 



GND H7Y 



Rd|(4)<-3 i 



3- 



3- 



i- 



3- 



f 



!■ 



% 



READ/WRITE 
HEADS 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect V DD 1 to V DD 2). 

RCT (1/2 Watt) - 120 (50/ l w ) ohms 
where l w = Write Current, in mA 

2. Ferr'rte bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065 /4A6. 

3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY 
output current must be limited to 100 pA. 

4. Damping resistors not required on ML501R or ML502R. 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


NUMBER OF 
CHANNELS 


TRANSDUCER 
HEAD TYPE 


ML501-6CP 
ML501-6CQ 
ML501-6CS 
ML501-8CP 
ML501-8CQ 
ML501-8CS* 


28-Lead Molded DIP (P28) 
28-Lead PCC (Q28) 
28-Lead SOIC (S28) 
40-Lead Molded DIP (P40) 
44-Lead PCC (Q44) 
32-Lead SOIC (S32) 


6 
6 
6 
8 
8 
8 


Ferrlte Heads 


ML501R-6CP 
ML501R-6CQ 
ML501R-6CS 
ML501R-8CP 
ML501R-8CQ 
ML501R-8CS* 


28-Lead Molded DIP (P28) 
28-Lead PCC (Q28) 
28-Lead SOIC (S28) 
40-Lead Molded DIP (P40) 
44-Lead PCC (Q44) 
32-Lead SOIC (S32) 


6 
6 
6 
8 
8 
8 


Ferrite Heads 


ML502-6CP 
ML502-6CQ 
ML502-6CS 
ML502-8CP 
ML502-8CQ 
ML502-8CS* 


28-Lead Molded DIP (P28) 
28-Lead PCC (Q28) 
28-Lead SOIC (S28) 
40-Lead Molded DIP (P40) 
44-Lead PCC (Q44) 
32-Lead SOIC (S32) 


6 
6 
6 
8 
8 
8 


Thin Film or 
Composite Heads 


ML502R-6CP 
ML502R-6CQ 
ML502R-6CS 
ML502R-7CQ 
ML502R-8CP 
ML502R-8CQ 
ML502R-8CS* 


28-Lead Molded DIP (P28) 
28-Lead PCC (Q28) 
28-Lead SOIC (S28) 
28-Lead PCC (Q28) 
40-Lead Molded DIP (P40) 
44-Lead PCC (Q44) 
32-Lead SOIC (S32) 


6 
6 
6 
7 
8 
8 
8 


Thin Film or 
Composite Heads 


ML502S-6CQ 
ML502S-7CQ 
ML502S-8CQ 


28-Lead PCC (Q28) 
28-Lead PCC (Q28) 
44-Lead PCC (Q44) 


6 

7 
8 


Thin Film or 
Composite Heads 



* This package is available as a special order only. 
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ML511, ML511R-Series 



4, 6, l f or 8-Channel Ferrite 
Read/Write Circuits 



GENERAL DESCRIPTION 

The ML511 is a bipolar monolithic read /write circuit designed 
for use with center-tapped ferrite recording heads. The 
ML511 and ML511R are performance upgrades from the 
ML501 and ML501R. The R designation in the part number 
indicates that this part has internal head damping resistors. 

The ML511 provides up to eight multiplexed read/write data 
channels. These circuits exhibit features not found in similar 
read /write circuits such as improved write current stability 
and the elimination of write current "glitches" during power- 
up. The ML511 also provides a low noise read data path, and 
data protection circuitry for all of the channels. 



FEATURES 

■ Enhanced write current stability 

■ ML511, ML511R is replacement for SSI 32R511/ 511 Rand 
is designed for center-tapped ferrite heads 

■ Single or multi-platter Winchester drives 

■ Easily multiplexed for larger systems 

■ Power supply fault protection 

■ 1.5 nV/ VHz maximum input noise voltage 

■ TTL compatible control signals 

■ Programmable write current source 

■ Includes write unsafe detection 

■ Available in a selection of packages 

■ +5V, +12 V power supplies 



BLOCK DIAGRAM 



VCC VDD1 GND VDD2 Vct 

▼ ▼ "=■ TFNITFR 



WRITE 
CURRENT 
DISABLE 



CENTER 

TAP 
DRIVER 



MODE 
SELECT 



7X 



VOLTAGE 

FAULT 
DETECTOR 



READ 
BUFFER 



OT 



WRITE 

UNSAFE 

DETECTOR 



FT 



READ 
PREAMP 



X 



WRITE 
DRIVER 



K. 



WRITE 
CURRENT 
SOURCE 



O 
WC 



> HOX 

> HOY 

> H1X 

> H1Y 

> H2X 

> H2Y 

) H3X 

> H3Y 

> H4X 

> H4Y 

> H5X 
)H5Y 

) H6X 
>H6Y 

-OH7X 

> H7Y 
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PIN CONNECTIONS 



ML511-60RML511R-6 
6 Channels 

28-PIN DIP AND SOIC 



ML51V80RML511R-8 
8 Channels 

32-PIN SOIC 




32 3D CND 

31 XI NC 

30 3DCS 

29 XI R/W 

28 XI WC 

27 XI RDY 

26 XI RDX 

25 XJHSO 

24 XI HS1 

23 XI HS2 

22 XJVcc 

21 XI WDI 

20 XlWUS 

19 XI VddI 
18 fXI Vdd2 
17 



3VCT 



ML511-80RML511R-8 
8 Channels 

40-PIN DIP 



ML511-80RML511R-8 
8 Channels 




H1Y | NC | HOY | GND j CS | IS 

nnnnnr 



nnnnnr 



44 43 42 41 40 



18 19 20 21 22 23 24 25 26 27 • 28 



LJLJLJLJLJL-JLJLJL 
NC I H7Y I Vdd2 I NC I NC I NC 
H7X Vcr Vdd1 NC NC 



39 ]NC 
38 ]R/W 
37 ]WC 
36 ] RDY 
35 ]RDX 
34 ]HS0 
33 ] HS1 
32 ] HS2 
31 ] Vcc 
30 [] WDI 
29 ] WUS 



ML511-60RML511R-6 
6 Channels 



Y I HOY | CND | ( 

innnnnr 



1 28 27 26 

H2X [5 25 ] R/W 

H2Y[ 6 24 ]WC 

H3X[ 7 23 ]RDY 

H3Y[ 8 22 ] RDX 

H4X[ 9 21 ]HS0 

H4Y[ K) 20 ]HS1 

H5X [11 19 ] HS2 

12 13 14 15 16 17 18 

L-J L-1LJ LJ LJ LJ LJ 



H5Y I V D d2 I WUS I V CC 
VCT VddI WDI 



ML511R-7CS 
28-Lead SOIC 

28-PIN SOIC 



HOX IX 


1 


28 


HOY DC 


2 


27 


H1XEX 


3 


26 


HIYCX 


4 


25 


H2XEC 


5 


24 


H2YIX 


6 


23 


H3XDZ 


7 


22 


H3YCE 


8 


21 


H4XCT 


9 


20 


H4YCE 


10 


19 


H5XDZ 


11 


18 


H5YDE 


12 


17 


H6X nz 


13 


15 


H6YCC 


14 


16 



GND 
XI R/W 



HS0 
XI HS1 
XI HS2 

Vcc 
XI WDI 
XI WUS 
XI Vddi 

XI V DD 2 

XIVct 



ML511R-7CQ 
28-Lead PCC 



H1X HOX R/W 
H1Y | HOY | CND | WC 

y nnnrinnn , 

S 4 3 2 1 28 27 26 

H2X [ 5 25 ] RDY 

H2Y [6 24 ] RDX 

H3X [ 7 23 ] HS0 

H3Y [8 22 ] HS1 

H4X [9 21 ] HS2 

H4Y [10 20 ] Vcc 

H5X [l1 19 ] WDI 
12 13 14 15 16 17 18 



ML511-40RML511R-4 
4 Channels 



H5Y | H6Y | V D D2 I WUS 
H6X v CT Vddi 



CND DZ 


1 


24 XI NC 


NC EX 


2 


23 XI CS 


HOX CE 


3 


22 


XI R/W" 


HOY [X 


4 


21 


XI WC 


H1X DZ 


5 


20 


XI RDY 


H1Y d 


6 


19 


XI RDX 


H2X cr 


7 


18 


XI HS0 


H2Y EX 


8 


17 


XI HS1 


H3X EC 


9 


16 


XI v C c 


H3Y IX 


10 


15 


XI WDI 


VctCX 


11 


14 


XlWUS 


vdd2d: 


12 


13 


XI VddI 



PIN DESCRIPTION 

NAME FUNCTION 



HS0-HS2 Head Selec t (eight heads) 
CS Chip Select (low level enables 
chip) 

R/W Read /Write (high level selects 

Read mode) 

WUS Write Unsafe, open collecter out- 

put (high level indicates an unsafe 
writing condition) 

WDI Write Data In (negative transition 

toggles head current direction) 
H0X-H7X X head connections 

H0Y-H7Y Y head connections 



NAME 


FUNCTION 


RDX, RDY 


X, Y Read Data (differential read 




signal out) 


WC 


Write Current (used to set the write 




current magnitude) 


Vct 


Voltage Center Tap (center tap 




voltage source) 


Vcc 


+5 volts 


Vdd1 


+12 volts 


V DD 2 


Positive supply for center tap 


GND 


Ground 
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ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Power Supply Voltage Range 

V DD 1 -0.3to14VDc 

V DD 2 -0.3to14VDc 

V cc -0.3to6VDc 

Input Voltage Range 

Digital Inputs (C5, R/W, HS, WDI) -0.3toV cc +0.3 V^ 

Head Ports (H0X-H7X, H0Y-H7Y .... -0.3 to V DD 1 +0.3 V^ 
Write Unsafe (WUS) -0.3 to 14 Vdc 

Write Current (l w ) 60mA 

Output Current 

Read Data (RDX, RDY) -10mA 

Center Tap Current Oct) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°Cto 150°C 

Junction Temperature (Tj) 135°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

V DD 1 12V±10% 

V cc 5V±10% 

Head Inductance 

L H ,ML511orML511R 5to15fiH 

Damping Resistor (R D/ ML511 only) 500 to 2000Q 

RCT Resistor (Va Watt) 120Q±5% 

WriteCurrent (l w ) 10to40mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified V DD 1=V DD 2 = 12V±10%, Vcc=5V±107 O/ R C r=120Q±5% / l w =40mA,0°C<T A <70 o C 
(Notes 2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


Ice 


Vcc Supply Current 


Read or Idle Mode 






35 


mA 




Write Mode 






30 


mA 


'dd 


Vqd Supply Current 


Read Mode 






35 


mA 




Write Mode 






20+l w 


mA 




Idle Mode 






20 


mA 


Pd 


Power Dissipation 


Read Mode 






655 


mW 




Write Mode I w - 40 m A, 
Rct=0Q 






960 


mW 




Idle Mode 






455 


mW 


DIGITAL INPUTS (CS, RAty HS, WDI) 


V,H 


High Voltage 




2 






Vdc 


V,L 


Low Voltage 








0.8 


Vdc 


l|H 


High Current 


V| H =2.0V 






100 


ma 


IlL 


Low Current 


V, L =0.8V 


-0.4 






mA 


WUS OUTPUT 


Vol 


Output Low Voltage 


Iql= 8 mA (Safe) 






0.5 


Vdc 


•oh 


Output High Current 


V OH =5V (Unsafe) 






100 


ma 


CENTER TAP VOLTAGES 


VCT 


Read Mode 


Read Mode 




4 




Vdc 


V CT 


Write Mode 


Write Mode 




6 




Vdc 



i%. Micro Linear 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V DD 1 = 12V±10% / V CC =5V±10% / R CT =120Q±5% / l w -35mA, L H = 10/uH 
f DATA = 5MHz / C L (RDX, RDY)<20pF, 0°C<T A < 70°C (Notes 2 and 3) (V| N is referenced to V CT for Read 



, R D = 750Q(ML511), 
Mode Characteristics). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE MODE CHARACTERISTICS 


■hcw 


Head Current (per side) 


Write Mode 

0<V CC <3.7V 

0<V DD K8.7V 


-200 




200 


ma 


'WR 


Write Current Range 


lw = K/ Rwc 


10 




40 


mA 


K 


Write Current Constant 




2.375 




2.625 




V HD 


Differential Head Voltage Swing 




7.0 






V PK 


'hu 


Unselected Head Transient 
Current 








2 


mAp K 


Cod 


Differential Output Capacitance 








15 


pF 


r od 


Differential Output Resistance 


ML511 


10 k 






Q 




Tj = 25°C ML511R 


600 




960 


Q 


fwDI 


WDI Transition Frequency 


WUS = Low 


250 






kHz 


A, 


l W c to Head Current Gain 






0.99 




mA/mA 


II 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


MA 


READ MODE CHARACTERISTICS 


A v 


Differential Voltage Gain 


V, N = 1mVp_ P @300kHz, 
R L (RDX, RDY) = 1kQ 


85 




115 


v/v 


DR 


Dynamic Range 


DC Input Voltage (V,) Where Gain Falls 10%, 
V| N =V,+0.5mVp_ P @300kHz 


-3 




+3 


mV 


BW 


Bandwidth (-3dB) 


|Zsl<5Q,V IN = 1mV P _p 


30 






MHz 


eiN 


Input Noise Voltage 


BW=15MHz, L H =0,R H =0 






1.5 


nV/\/Hz 


Qn 


Differential Input Capacitance 


f=5MHz 






20 


pF 


R|N 


Differential Input Resistance 


f=5MHz,Tj=25°C ML511 
V| N = 6mV P .p ML511R 


2k 






Q 




460 




860 


Q 


'hcr 


Head Current (per side) 


Read or Idle Mode 
0<V CC <5.5V 
0<V DD 1< 13.2 V 


-200 




200 


^ 


'in 


Input Bias Current (1 side) 








45 


ma 


CMRR 


Common-Mode Rejection Ratio 


V CM - V CT +100 mVp.p @ f - 5 MHz 


50 






dB 


PSRR 


Power Supply Rejection Ratio 


100mVp.p @ 5 MHz on V DD 1, V DD 2, or V cc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V| N = 100mV P .p@5MHz 
and Selected Channel: 
V| N =0mVp_ P 


45 






dB 


Vos 


Output Offset Voltage 


Read Mode 


-460 




+460 


mV 




Write or Idle Mode 


-20 




+20 


mV 


V OCM 


Common-Mode Output Voltage 


Read Mode 


4.5 




6.5 


V 




Write or Idle Mode 




5.3 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


"l 


Leakage Current, RDX, RDY 


(RDX, RDY) =6V Write or Idle Mode 


-100 




100 


ma 


«o 


Output Current 


AC Coupled Load, RDX to RDY 


±2.1 






mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specifiedV DD 1-12V±10% / V C c-5V±10% / Rcr-120C±5%, l w -35mA, L h -10mH, R d -750Q(ML511), 
f DATA -5MHz, 0°C<T A < 70°C (Notes 2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


*RW 


R/ W to Write Switching Delay 


To 90% of Write Current Output 






1 


MS 


*WR 


R/W to Read Switching Delay 


To 90% of 100 mV, 10 MHz Read Signal 
Envelope or to 90% Decay of 
Write Current 






1 


MS 


or 

t|R 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
100 mV, 10 MHz Read Signal Envelope 






1 


MS 


*WI 

or 

tRI 


CS to Unselect Switching Delay 


To 90% Decay of 100mV, 10MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 






1 


MS 


tHS 


Head Select Switching Delay 


To 90% of 100mV, 10MHz Read Signal 
Envelope 






1 


MS 


tD1 


Safe to Unsafe 
Write Unsafe Delay 


lw-=35mA 


1.6 




8 


us 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


lw=35mA 






1 


us 


tD3 


Prop. Delay Head Current 


L H «0, R H =0 From 50% points 






25 


ns 




Asymmetry Head Current 


WDI has 50% Duty Cycle and 1 nS Rise/ Fall 
Time 






2 


ns 




Rise/ Fall Head Current 


10% and 90% Points 






20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 135°C. 



TIMING DIAGRAM 




Write Mode Timing Diagram 



J%, Micro Linear 
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FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML511 functions as a read ampli- 
fier when in the Read mode, or as a write current switch 
when in the Write mode. Pins HSO, HS1 and HS2 determine 
head selection while pin R/W controls the Read /Write 
mode. A detected "write-unsafe" condition is indicated by 
pin WUS. 

READ MODE 

When the ML511 is in the Read Mode, it operates as a low- 
noise differential amplifier on the selected channel. In Read 
mode the write data flip-flop is set and both the write unsafe 
detector and the write current source are deactivated. The 
center tap voltage is also lowered. Pins RDX and RDY provide 
differential emitter follower outputs which are in phase with 
the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the inter- 
nal write current is deactivated, thus making external write 
current gating unnecessary. 

WRITE MODE 

The ML511 operates as a write-current switch when in the 
Write mode. Write current magnitude is determined by the 
following relationship: 

lw - K/Rwc 

Where: K « Write Current Constant 



Tablet 



R wc : 



Resistance connected between pin WC and 
GND. 



The head current is toggled between the X and Y side of the 
selected head by a negative transition on WDI (Write Data 
Input). When switching the ML511 to write mode, the WDFF 
(Write Data Flip-Flop) is initialized to pass write current 
through the X-side of the head. 

The ML511, ML511R exhibit enhanced write current stability, 
compared to similar read/write circuits, which reduces the 
problem of oscillation. This is a result of increased internal 
write current compensation. Also, write current "glitches" 
during power-up, common in similar read /write circuits, are 
eliminated with an exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output that 
gives a logic high level for any of the following unsafe write 
conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear WUS 
after the fault condition is removed. 

The ML511 also offers a voltage fault detection circuit that 
prevents write current during power-loss or power-up. 



Table 2. 



Head Select 



HS2 


HS1 


HSO 


HEAD 




















1 


1 





1 





2 





1 


1 


3 


1 








4 


1 





1 


5 


1 


1 





6 


1 


1 


1 


7 



= Logic Level Low 

1 - Logic Level High 
X - Don't Care 



Mode Select 



CS 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



= Logic Level Low 

1 - Logic Level High 
X - Don't Care 
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TYPICAL APPLICATION 



MICROPROCESSOR 

AND 

CONTROL LOGIC 



WRITE DATA INPUT - 
READ DATA OUTPUT 



CRctO) 



VCC VDD1 VqD2 Vct 

HOX 



WUS 
R/W 
CS 



HSO 
HS1 
HS2 



HOY 
H1X 



H1Y 
H2X 



H2Y 
H3X 



ML511/511R H3Y 

H4X 



H4Y 
H5X 



WD I 
RDX 
RDY 



H5Y 
H6X 



H6Y 
H7X 



GND H7Y 



Rd|(4)<^3 \ 



4 



J- 



]■ 



i' 



J- 



1- 



3- 



READ/WRITE 
HEADS 



NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect V DD 1 to V DD 2). 

RCT (1/2 Watt) = 120 (40/ l w ) ohms 
where l w = Write Current, in mA 

2. Ferrite bead optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065/ 4 A6. 

3. RDX and RDY load capacitance 20 pF maximum. RDX and RDY 
output current must be limited to 100 jjA. 

4. Damping resistors not required on ML511R. 



fl& Micro Linear 



5-27 



ML511, ML511R 



ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


NUMBER OF CHANNELS 


ML511-4CS 
ML511R-4CS 


24-Lead SOIC (S24) 
24-Lead SOIC (S24) 


4 
4 


ML511-6CP 

ML511R-6CP 

ML511-6CQ 

ML511R-6CQ 

ML511-6CS 

ML511R-6CS 


28-Lead Molded DIP (P28) 
28-Lead Molded DIP (P28) 
28-Lead PCC (Q28) 
28-Lead PCC (Q28) 
28-Lead SOIC (S28) 
28-Lead SOIC (S28) 


6 
6 
6 
6 
6 
6 


ML511R-7CS 
ML511R-7CQ 


28-Lead SOIC (S28) 
28-Lead PCC (Q28) 


7 
7 


ML511-8CP 

ML511R-8CP 

ML511-8CQ 

ML511R-8CQ 

ML511-8CS 

ML511R-8CS 


40-Lead Molded DIP (P40) 
40-Lead Molded DIP (P40) 
44-Lead PCC (Q44) 
44-Lead PCC (Q44) 
32-Lead SOIC (S32) 
32-Lead SOIC (S32) 


8 
8 
8 
8 
8 
8 



THERMAL CHARACTERISTICS 



PIN COUNT 


PACKAGE 


0ja 


24-Lead 


SOIC 


75°C/W 


28-Lead 


PDIP 


55°C/W 


28-Lead 


PCC 


65°C/W 


28-Lead 


SOIC 


70°C/W 


32-Lead 


SOIC 


60°C/W 


44-Lead 


PCC 


60°C/W 


40-Lead 


PDIP 


45°C/W 
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Read Data Processor 



GENERAL DESCRIPTION 

The ML541 is a monolithic bipolar integrated circuit for use in 
a disk drive system to detect analog pulse peaks generated by 
the recording head during a Read operation. Connected to 
the read /write amplifier output, it detects valid data and 
provides a TTL output to the data separator for further proc- 
essing. It contains both analog and digital circuitry and sup- 
ports the reading of MFM and RLL encoded data at rates up 
to 15 megabits /second. 

The primary functional blocks within the device include an 
AGC amplifier, a level detector, a slope detector, and output 
logic. Operating modes Read, Write, and Hold are selectable 
with input logic signals. Read mode is used for pulse peak 
detection during a Read operation. Write mode disables the 
device's ouput during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali- 
dation and peak time detection is acheived. The ML541 per- 
formance can be adjusted to fit particular needs through 
external component selection. 

The ML541 is available both in a 24-pin PDIP and 28-pin 
PCC. 



FEATURES 

■ Second source for SSI 541 

■ Data rates up to 15 megabits/ second 

■ Supports MFM and RLL encoded read data 

■ 25 MHz wide-bandwidth AGC amplifier 

■ Fast AGC region for fast transient recover 

■ Slow AGC region for minimum zero crossing distortion 

■ Write to read transient suppression 

■ Supports embedded servo decoding 

■ +5V, +12 V power supplies 



SIMPLIFIED BLOCK DIAGRAM 



DIFFERENTIAL 
ANALOG SIGNALS 




tf^L* Micro Linear 
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PIN CONNECTIONS 



24-Pin DIP and SOIC Package 



28-Pin PCC Package 



D, F -[ 




^ « 


J Qn + 


D| F+ [ 


2 


23 


] D| N + 


HYS[ 


3 


22 


]Qn- 


LEVEL [ 


4 


21 


] D 'N- 


AGC [ 


5 


20 


] OUT- 


IN+ [ 


6 


19 


] OUT + 


IN- [ 


7 


18 


] AGND 


HOLDB [ 


8 


17 


] BYP 


V DD [ 


9 


16 


] DGND 


COUT [_ 


10 


15 


] Dout 


R/WB [ 


11 


14 


D RD 


OS [ 


12 


13 


] v C c 





HYS D,f- Din + 
NC | D| F+ | Qn+ | Qn- 

nnnr-irnnn 


/ 


4 


3 2 1 28 27 26 


LEVEL [ 






25 


AGC [ 


6 




24 


IN+ [ 






23 


IN- [ 


8 




22 


HOLDB [ 


9 




21 


Vdd[ 


10 




20 


Gout l 


11 


12 


19 
13 14 15 16 17 18 






TJ 


I I I I I I I I I I I I 



] NC 
] D, N - 
] OUT- 
] OUT + 
] AGND 
] BYP 
] DGND 



R/WB | NC | RD | DouT 
OS Vcc NC 



PIN DESCRIPTION 



Vcc 


+5V 


Vdd 


+12 V 


AGND 


Analog Ground. 


DGND 


Digital Ground. 


R/WB 


TTL compatible Read/Write Control 


IN +, IN- 


Analog Signal Input pins 


CUT*, OUT- 


AGC Amplifier Output pins 


BYP 


The AGC timing capacitor Cagc ' s 




tied between this pin and AGND. 


HOLDB 


TTL compatible pin that holds the 




AGC gain when pulled low. 


AGC 


Reference input voltage level for the 




AGC circuit. 


D|N+/ D|N- 


Analog input to the hysteresis com- 




parator. 



NAME 



FUNCTION 



HYS Input for setting hysteresis level of the 

hysteresis comparator. 
LEVEL Provides rectified signal level for input 

to the hysteresis comparator. 
Dout Buffered test point for monitoring D 

input of the flip-flop. 
Qn +/ Qn - Analog input to the differentiator. 

D|f +/ D|p- External differentiating network con- 

nection pins. 
Qdut Buffered test point for monitoring the 

clock input to the flip-flop. 
OS Connection for read output pulse 

width setting capacitor Co$. 
RD TTL compatible read output. 



TABLE 1 MODE SELECT 



R/WB 


HOLDB 


MODE 


DESCRIPTION 


1 


1 


READ 


AGC amp section active, Digital section active. 


1 





HOLD 


AGC gain constant Digital section active. 





X 


WRITE 


AGC gain maximum, Digital section inactive, 
Input common mode resistance reduced. 



= Logic level low 

1 = Logic level high 
X = Don't care 
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ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Power Supply Voltage Range 

V cc -0.3 to 6V DC 

V DD -0.3to14Vrjc 

Terminal Voltage Range 

R/WB, IN+, IN-, HOLDB -0.3Vto V cc +0.3V 

RD -0.3VtoV cc +0.3Vor +12mA 

All others -0.3Vto V DD +0.3V 

Storage Temperature Range -65°C to +150°C 

Junction Temperature (Tj) +135°C 

Lead Temperature (Soldering, 10sec) 260°C 



OPERATING CONDITIONS 

Supply Voltage 

V cc 5V±10% 

V DD 12V±10% 

V(C, N + -C, N _), V (D|N + _ D|N _) IVpp 

Vhys 1.0V 

Cqs 50to 200pF 

Typical Component Values (Refer to Typical Applications) 

Q N O.OOI^F 

C s O.OI^F 

Cqut 0.0047 M F 

Rout 400Q 

Cacci 220pF 

C A GC2 2000pF 

Ragc 2.21kQ 

Qevel 150pF 

Rleveli 1 -54kQ 

Rlevel2 6.49kQ 

Cqs 50pF 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, Vqd=12 V ± 10%, 
0°C<Ta<70°C and external components as specified under recommended operating conditions unless otherwise specified. 
(See Note 2.) 



SYMBOL 



PARAMETER 



CONDITIONS 



DC Characteristics 



Digital Inputs Characteristics (HOLDB, R/WB) 



Digital Outputs Characteristics (C OUT , RD) 



WRITE AND HOLD MODE CHARACTERISTICS 



Mode Control 



MIN 



TYP 
NOTE 5 



Write Mode 



t-\c 



Common Mode Input 
Impedance (both sides) 



R/WB pin = low 



MAX 



250 



UNITS 



Ice 


Vcc Supply Current 


Outputs unloaded 






14 


mA 


•dd 


Vqd Supply Current 


Outputs unloaded 






70 


mA 


Pd 


Power Dissipation 


Outputs unloaded, 
T A =70°C 






930 


mW 



V, H 


High Voltage 




2 






V 


V, L 


Low Voltage 








0.8 


V 


Iih 


High Current 


V| H =2.4V 






100 


ma 


IlL 


Low Current 


V, L = 0.4V 


-0.4 






mA 



Vol 


Output Low Voltage 


loL=4mA 






0.4 


V 


Vqh 


Output High Voltage 


I O h=400>\ 


2.4 






V 



*RW 


Read to Write 
Transition Time 








1 


MS 


*WR 


Write to Read Transition Time 


AGC settling not included, 
time to high input resistance 


1.2 




3 


MS 


*RH 


Read to Hold Transition Time 








1 


MS 



flj^ Micro Linear 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc^ 5 V ± 10%, Vqd - 12 V ± 10%, 
0°C<T A < 70°C, IN + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pFtoGND,C B YP=2000pF,OUT+andOUT- AC coupled to D| N + and D !N _ respectively, V AG c - 2.2V unless otherwise 
specified. (See Note 2.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 5 


MAX 


UNITS 


READ MODE CHARACTERISES 


AGC Amplifier 


R ID 


Differential Input Resistance 


V { | N+ _ IN _) = 100mVp.p@ 2.5 MHz 




5 




kQ 


C|D 


Differential Input Capacitance 


V (IN+ _| N _) = 100mVp.p@2.5MHz 






10 


PF 


Zic 


Common Mode Input 
Impedance (both sides) 


R/WB pin high 




1.8 




kQ 




R/WB pin low 




0.25 




kfi 


A V R 


Gain Range 


1 Vp. P < Vqut diff< 2.5 Vp.p 


4 




83 


V/V 


e N 


Input Noise Voltage 


Gain set to maximum 






30 


nV/ vTlz 


BW 


Bandwidth 


Gain set to maximum, -3dB point 


25 






MHz 


Vop 


Maximum Output Voltage 
Swing 


SetbyV AGC 


3 






Vp-p 


'OD 


OUT+ to OUT- Pin Current 


No DC path to GND, See Note 3 


±3.2 






mA 


Ro 


Output Resistance 






20 


30 


Q 


Co 


Output Capacitance 






12 




pF 


V,p 
V AGC 


(D| N+ -D| N _) Input Voltage 
Swing VS AGC Input Level 


30 mVp_p< V(| N + _ in _) < 550 mVp.p, 
1.5V<V AGC <3.75V 




0.48 




Vp. P /V 


v, P 


(D| N + - D iN _) Input Voltage 
Swing Variation 


30mVp.p<V ( | N+ _| N _)<550mVp.p, 
AGC Fixed, over supply and temp. 






+8 


% 


t D 


Gain Decay Time 


See Figure 1a; V )N - 300mV P . P 
then >150mV P .p at 2.5MHz, 
V uT t0 90% of final value. 




50 




/iS 


tx 


Gain Attack Time 


See Figure 1b; from Write to Read 
transition to Vqut at 110% of final 
value, V )N = 400 mV P .p@ 2.5 MHz 




4 




^ 


UGCfc 


Fast AGC Capacitor 
Charge Current 


V(D IN+ -D IN _) = 1.6V,V AGC =3.0V 




1.5 




mA 


UGCsc 


Slow AGC Capacitor 
Charge Current 


v (D, N+ -D, N _r1-6V, VaryV AGC until 
slow discharge begins 




0.17 




mA 




Fast to Slow Attack 
Switchover Point 


V (D, N + -D, N _) 




1.25 




- 




V(D| N+ -D| N _) Final 




Ugcd 


AGC Capacitor 
Discharge Current 


V( Dl . -D, N _)=0.0V 
Read Mode 




4.5 




ma 




Hold Mode 


-0.2 




+0.2 


ma 


CMRR 


CMRR (Input Referred) 


V| N+ =V IN _ = 100mVp.p 
@ 5 MHz, gain at max. 


40 






dB 


PSRR 


PSRR (Input Referred) 


V cc or V DD - 100 m Vp. P 
@ 5 MHz, gain at max. 


30 






dB 


Hysteresis Comparator 


v, P 


Input Signal Range 








1.5 


Vp-p 


R ID 


Differential Input Resistance 


V(D, N+ -D, N _) = 100mV P .p@2.5MHz 


5 




15 


kQ 


C|D 


Differential Input Capacitance 


V(D, N+ -D, N _)=100mVp. P @2.5MHz 






6.0 


PF 


Z.c 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


V,o 


Comparator Offset Voltage 


HYS pin at -0.5 V, <1.5kQ across 

D IN+> D IN- 




5 




mV 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, Vdd = 12 V ± 10%, 
0°C<T A < 70°C, IN + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pF to GND, C B YP=2000pF, OUT+ and OUT- AC coupled to D| N+ and D !N _ respectively, V AG c=2.2V unless otherwise 
specified. 



SYMBOL | PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


READ MODE CHARACTERISES (Continued) 


Hysteresis Comparator (Continued) 


V HYSP 
V HYS 


Peak Hysteresis Voltage vs HYS 
pin voltage (input referred) 


1V<V HY s<3V 




0.21 




v/v 


l| 


HYS Pin Input Current 


1V<V HY s<3V 







-20 


ma 


b 


LEVEL Pin Max Output Current 




3 






mA 


Ro 


LEVEL Pin Output Resistance 


'level = 0.5 mA 




180 




Q 


Vol 


Dout P' n Output Low Voltage 


T A -70°C 


V DD -4.0 




V DD -2.5 


V 


Vqh 


Dout p «n Output High Voltage 


T A »70°C 


V DD -2.2 




V DD -1.5 


V 


Vol 


Dqut P' n Output Low Voltage 


T A =25°C 


V D d-4.0 




Vdd-2.8 


V 


Voh 


Dout P' n Output High Voltage 


T A =25°C 


V DD -2.5 




V DD -1.6 


V 


Active Differentiator 


v, P 


Input Signal Range 








1.5 


V P .P 


R ID 


Differential Input Resistance 


V(c IN+ -C, N _)=100mV P .p@ 2.5MHz 


5 




15 


kQ 


C|D 


Differential Input Capacitance 


V(C IN+ -c lN _)=100mV P .p@ 2.5MHz 






6 


PF 


Z,c 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


'OD 


D|p+ to D|p_ Pin Current 


Differentiator Imped must be set so as 
not to clip signal at this current level 


±1.3 






mA 


v,o 


Comparator Offset Voltage 


D| F+ , D| F _ AC Coupled 




5 




mV 


Vol 


Cout P' n Output Low Voltage 


0<I O h< 0.5 mA 




V DD -3 




V 


Vpo 


Cqut P' n Output Pulse Voltage 


0<I O h< 0.5 mA 




0.4 




V 


PW 


Co UT Pin Output Pulse Width 


0<I O h< 0.5 mA 




30 




ns 



The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, Vqd = 12 V ± 10%, 
o C<T A <70 o C,V {C|N+ _c |N _)=V (DlN+ _ D|N _ ) = 1.0Vp.p AC coupled sine wave at 2.5MHz, R D|F =100C>,C D|F =65pF, V HYS =1-8V, 
Cos = 60pF, 4kQ to Vcc an d 10pF to GND on pin RD unless otherwise specified. 



Output Data Characteristics (Refer to Figure 2) 


tm 


D-Flip-Flop Set Up Time 


Min delay from V (D|N+ _ D|N _) 
exceeding threshold to V( D|F+ _ DlF _) 
reaching a peak 









ns 


t D3 


Propagation Delay 








110 


ns 


t D 5 


Output Data Pulse Width 


T A = 25 C,V C c = 5V,V DD = 12V 




±15% 






tD5 


Output Data Pulse Width 
Variation 


C O s=60pF,SeeNote4 


30 




80 


ns 


tD3 _t D4 


Logic Skew (Pulse Pairing) 








3 


ns 


tR 


Output Rise Time 


V OH =2.4V 






18 


ns 


t F 


Output Fall Time 


V O l=0.4V 






14 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: AGC amplifier output current may be increased as in Figure 4. 

Note 4: t D5 = 770 (C os ), 50pF < C OS < 150ph 

Note 5: Typicals are parametric norm at 25°C 
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FUNCTIONAL DESCRIPTION 

Operating Modes 

The ML541 has three definitive operation modes which are: 
Read mode, Write mode and Hold mode. These modes are 
defined by input pins HOLDB and R/WB as shown in Table 
1. Read mode, the mode used normally for pulse detection, is 
assumed in the following sections unless otherwise noted. 

AGC Amplifier Section 

The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re- 
cording head from an inside to outside data track or varia- 
tions in media. 

The differential output voltage level Vout fr° m tne AGC amp 
is determined by voltage Vagc present at pin AGC. Vout is 
full wave rectified and compared against Vagc t0 create 
charge/discharge current for capacitor Cbyp connected at 
pin BYR Voltage Vbyp across Cbyp controls the gain in the 
AGC amplifier. 

Two distinct values of Ibyp are possible which determine a fast 
and slow AGC gain response attack rate. When Vout is more 
than 125% of the set level a high value of Ibyp is sourced 
which provides a fast AGC attack rate. When Vout is within 
100% to 125% of the set level a reduced value of Ibyp is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 
response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. Vagc 
should be set so that the differential input voltage Vqin into 
the level comparator is 1 Vp.p at nominal Read signal condi- 
tions. The AGC amp section gain is given by: 



Ay2 _ Vbyp2 - Vbypi 

A V i 5.8 x V T 

Where: Avi, Ay2 are initial and final amplifier gain values 
corresponding to initial and final Vbyp values. 

Vj - (KT)/Q = 26 mV at room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi- 
larly, AC coupling must be used at the AGC amp outputs. 

AGC Amp During Write Mode— When the ML541 is put into 
write mode, the AGC amp's input impedance is lowered to 
allow a faster dampening of the Write to Read transient from 
the head pre-amp. The AGC gain is also set to maximum gain 
so that fast AGC attack will occur when changing back to the 
Read mode. Internal device timing is controlled so that set- 
tling occurs prior to Read mode activation. Minimal value 
input coupling capacitors should be chosen to reduce set- 
tling time, however, bandwidth requirements also need to be 
considered. 

AGC Amp During Hold Mode— During the Hold mode, the 
charge/discharge current driving pin BYP is internally discon- 
nected. AGC compensation capacitor Cagc w '" tnen h°'d 
the present gain setting. The amplitude of Vqut will therefore 
not affect the AGC gain and gain will remain constant. 



Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor- 
mally taken at outputs D|p_ and D|p+, as shown in the typical 
application. 

External Filter Network 

Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 

The full wave rectified Vout is buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer- 
ence voltage derived from voltage Vlevel output from pin 
LEVEL. Using Vlevel provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 

The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ- 
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica- 
tion, is used between the D|f+ and D|p_ pins to provide the 
differential function given by: 



A v = 



-2000Cs 



LCs2 + (R + 92) Cs + 1 
External capacitor (20pFto 150 pF) 



Where: C = 

L - External inductor 
R - External resistor 

s - jco - j2?rf 

Output Logic 

The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 



TYPICAL INPUT 
READ SIGNAL 



ML541 OUTPUT 
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Pin R/WB must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli- 
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out- 
put timing and the level detector determines pulse validity. 



Layout Considerations 

As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir- 
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 



BLOCK DIAGRAM 



Din- 
OUT+ OUT- D| N + Cin- Qn 



Dif- 



D|F + 



|Vcc 



iVdd 



VDD 



Vdd 





ONE 
SHOT 



CoUT 



Idgnd 



LEVEL R/WB HYS Dqut 
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A 


A 


A 
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V 
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\i 
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- t D — 


90% / 


\J 


v V 














t A * 




ACC / \ , 




110% 


VOUT / \ / 


VOUT ' \ J 




J 1/ 


"N/* 






t 



Figure 1. AGC Timing Diagram 



Vd, n 

AND 
Vc, N 




L^ 



Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS 



Rout 



Com:*: i 



Din- 



Vdd 



Dinh 



Rcd 



C|N- 



Rd if 




4:C D 



ldif 



D|F + 



DiF- 



-* SERVO READ DATA 



5V 

Tvcc 



"l 



Vdd 



"]= 



Qevel:±: 



► Rleveli 




HYS DOUT 



-READ/WRITE 
CONTROL 



► RLEVEL2 



^=C S5V 

t 



Figure 3. Typical Application Diagram 



IN+ ( 
IN- < 



x v 


OUT + 




AGC 


^OVl- 











•OUT+TOIOUT- = 4mA + 5 



Figure 4. Modification of AGC Amplifier Output to Drive Low Impedance Filters 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML541CP 
ML541CJ 
ML541CQ 
ML541CS 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


MOLDED DIP (P24) 
HERMETIC DIP (J24) 
MOLDED PCC (Q28) 
MOLDED SOIC (S24) 
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Read Data Processor 



GENERAL DESCRIPTION 

The ML4041, ML4042 is a monolithic bipolar integrated 
circuit used in disk drive systems to detect amplitude 
peaks generated by the recording heads during a Read 
operation. Connected to the read/write amplifier 
output, it detects valid data and provides a TTL output 
to the data separator. Containing both analog and 
digital circuitry, it supports the reading of MFM and RLL 
encoded data at rates up to 24 megabits/second. 

Operating modes Read, Write, and Hold are selectable with 
input logic signals. Read mode is used for pulse peak detec- 
tion during a Read operation. Write mode disables the 
device's output during a Write operation, while Hold mode 
holds the AGC gain constant during recovery of embedded 
servo information. 

By using both level and slope detection, accurate pulse vali- 
dation and peak time detection is achieved. The ML4041, 
ML4042 characteristics can be modified to fit particular 
needs through external component selection. The ML4041, 
ML4042 has a swift Write to Read recovery time of 2/iS (10^s 
max) allowing for better format efficiency with faster access 
times. Pulse pairing of 1 ns max reduces data decoding errors 
by allowing tighter specs for the clock recovery circuit. 



FEATURES 

■ Fully compatible with industry standard read data 
processor 

■ Write to Read recovery time — 2^/s typical, 10y/s max 

■ Pulse pairing — 1ns max 

■ Data rates up to 24 megabits/second 

■ Supports MFM and RLL encoded read data 

■ 30MHz wide-bandwidth AGC amplifier 

■ Fast AGC region for fast transient recover 

■ Slow AGC region for minimum zero crossing 
distortion 

■ +5V and +12V undervoltage fault detection (ML4042 
only) 

■ Write to read transient suppression 

■ Hold pin supports embedded servo decoding 



The ML4042 is identical to the ML4041 but in addition it 
includes a +5Vand +12 V undervoltage detector. The 
ML4041 is available in a 24-pin PDIP, 24-pin SOIC, or a 28-pin 
PCC, while the ML4042 is available in a 28-pin PDIP, 28-pin 
SOIC, or a 28-pin PCC. 



SIMPLIFIED BLOCK DIAGRAM 



DIFFERENTIAL 
ANALOG SIGNALS 




Vflt 



*ML4042 ONLY 
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PIN CONNECTIONS 



ML4041 ML4042 
24-Pin DIP and SOIC Package 28-Pin DIP and SOIC Package 




ML4041 
28-Pin PCC Package 




















LEVEL [ 
AGC [ 
IN+ [ 
IN- [ 
HOLD [ 
Vdd [ 

CoUT [ 


HYS Dif- D| N + 
NC | D,f+ I Qn+ | Qn- 
1 — 1 1 — 1 1 — 1 1 — 1 1 — 1 1 — 1 1 — 1 




D, F _ [ 
D|F + [ 
HYS[ 
LEVEL [ 
AGC [ 
IN + [ 
IN- [ 

hold[ 
v dd [ 

COUT [ 
R/W [ 

os[ 


2 
3 
4 
5 
6 

8 
9 
10 
11 
12 


24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 


] C, N+ D 
] D| N+ D 
]Qn- ^ 

]d, n _ 

] OUT- LE^ 
] OUT+ A 
] AGND 1 
] BYP » 
] DGND HO 
] Dout V 
] RD Cc 
]v cc R 


f-C 
*♦[ 

IYs[ 
NC[ 

/el[ 

GC[ 

«♦[ 
<-[ 

ld[ 
dd[ 
>ut[ 
/w[ 
os[ 

NC[ 


2 
3 

4 
5 
6 

8 
9 
10 
11 
12 
13 
14 


28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 


]C| N + 
]D|N + 
]Qn- 

]vfU 

] Din- 
]0UT- 
]oUT + 

]agnd 

]byp 

]dgnd 

]d ut 

]nc 

]rd 

]v cc 


S 4 3 2 1 28 27 26 

5 25 

6 24 

7 23 

8 22 

9 21 

10 20 

11 19 
12 13 14 15 16 17 18 


] NC 
] D| N - 
] OUT- 
] OUT + 
] AGND 
] BYP 
] DGND 


LJ LJ L_J LJ LJ LJ LJ 

R/W | NC | RD | DoUT 

OS Vcc NC 

TOP VIEW 

ML4042 








TOP VIEW 




28-Pin PCC Package 

HYS Dif- Din + 








TOP VIEW 






NC | D|F+ | C|N+ | Qn- 

i—i r-i n i—i n i— i r-i 










S 4 3 2 1 28 27 26 












LEVEL [ 


5 25 


]vTlt 










AGC [ 


6 24 


] D| N - 










IN+ [ 


7 23 


] OUT- 










IN- [ 


8 22 


] OUT + 










HOLD [ 


9 21 


] AGND 










Vdd [ 


10 20 


] BYP 










CoUT [ 


11 19 
12 13 14 15 16 17 18 


] DGND 




LJ L_l LJ LJ LJ LJ LJ 

R/W | NC I RD | Dout 

OS Vcc NC 




PIN DESCRIPTION 








TOP VIEW 


NAME FUNCTION 






NAME 


FUNCTION 


Vcc 

Vdd 

AGNE 

DGN[ 

R/W 

IN+,IN 

OUT+,0 

BYP 


+5V 

+12 V 
) Analog Ground. 
} Digital Ground. 

TTL compatible Read /Write Contro 

pin. 

Analog Signal Input pins 
UT- AGC Amplifier Output pins 

The AGC timing capacitor Cagc ' s 

tied between this pin and AGND. 
) TTL compatible pi n that holds the 

AGC gain when pulled low. 

Reference input voltage level for the 

AGC circuit. 
N - Analog input to the hysteresis 

comparator. 




HYS 
LEVEL 
Dout 

Qn+/Qn- 

D| F+ , D, F - 
C OUT 

OS 

RD 

Vflt 


Input for setting hysteresis level of the 
hysteresis comparator. 
Provides rectified signal level for input 
to the hysteresis comparator. 
Buffered test point for monitoring D 
input of the flip-flop. 
Analog input to the differentiator. 
External differentiating network con- 
nection pins. 
Buffered test point for monitoring the 


HOLE 
AGC 

D|n + , D 


clock input to the flip-flop. 
Connection for read output pulse 
width setting capacitor Cos- 
TTL compatible read output. 
Undervoltage detector output, active 
low; ML4042 only. 


TABLE 1 MODE SELECT 










ic level low 
ic level high 
n't care 


R/W 


HOLD 


MODE 




DESCRIPTION 




1 


1 


READ 


AGC amp section active, Digita 


section activ 


e. = Log 


1 





HOLD 


AGC gain constant, Digital section active. 


I = Log 
X Do 





X 


WRITE 


AGC gain maximum, Digital section inactive, 
Input common mode resistance reduced. 
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ABSOLUTE MAXIMUM RATINGS 

(NoteD 

Power Supply Voltage Range 

V C c -0.3 to 6Vdc 

V DD -0.3 to 14Vdc 

Terminal Voltage Range 

R/W, IN+, IN-, HOLD -0.3Vto V cc +0.3V 

RD -0.3VtoV cc +0.3Vor +12mA 

Allothers -0.3VtoV DD +0.3V 

Storage Temperature Range -65°Cto +150°C 

Junction Temperature (Tj) +135°C 

Lead Temperature (Soldering, lOsec) 260°C 



OPERATING CONDITIONS 



Supply Voltage 

V cc 5V±10% 

V DD 12V±10% 

1V P .p 

1.0V 



y(C|N + -C|N-)' V (D|N + -D| N -) 



Cos 50to 200 P F 

Typical Component Values (Refer to Typical Applications) 

C, N 0.001j4F 

C s O.OIjiF 

Cout 0.0047 M F 

Rout 400Q 

Cago 220pF 

C A GC2 2000pF 

Ragc 2.21kQ 

Qevel 150pF 

Rleveu 1-54kQ 

RLEVEL2 6.49kQ 

Cos 50pF 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc= 5 V ± 10%, \Zqq=M V ± 10%, 
0°C<T A <70°C and external components as specified under operating conditions unless otherwise specified. (See Note 2.) 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 
NOTE 4 



DC Characteristics 



Digital Inputs Characteristics (HOLD, R/W) 



Digital Outputs Characteristics (Cq UT , RD) 



WRITE AND HOLD MODE CHARACTERISTICS 



Mode Control 



Write Mode 



£ic 



Common Mode Input 
Impedance (both sides) 



R/W pin = low 



MAX 



250 



UNITS 



Ice 


V C c Supply Current 


Outputs unloaded 






14 


mA 


■dd 


V DD Supply Current 


Outputs unloaded 






70 


mA 


Pd 


Power Dissipation 


Outputs unloaded, 
T A =70°C 






930 


mW 



V,h 


High Voltage 




2 






V 


V IL 


Low Voltage 




-0.3 




0.8 


V 


»IH 


High Current 


V| H = 2.4V 






100 


MA 


IlL 


Low Current 


V| L =0.4V 


-0.4 






mA 



Vol 


Output Low Voltage 


loi_=4mA 






0.4 


V 


Voh 


Output High Voltage 


Ioh = 400 M A 


2.4 






V 



l RW 


Read to Write 
Transition Time 








1 


lis 


tWR 


Write to Read Transition Time 


AGC settling not included, 
time to high input resistance 


1.2 




3 


IAS 


*RH 


Read to Hold Transition Time 








1 


/iS 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of V<x = 5 V ± 10%, Vqd - 12 V ± 10%, 
0°C<T A < 70°C, IN + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pFto CND, C B YP=2000pF, OUT+ and OUT- AC coupled to D| N+ and D iN _ respectively, V AG c=2.2V unless otherwise 
specified. (See Note 2.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


READ MODE CHARACTERISES 


ACC Amplifier 


R ID 


Differential Input Resistance 


V (IN + _| N _) = 100 mVp.p® 2.5 MHz 




5 




kQ 


C|D 


Differential Input Capacitance 


V (IN+ _| N _ ) = 100mVp. P @2.5MHz 






10 


PF 


Zic 


Common Mode Input 
Impedance (both sides) 


R/W pin high 




1.8 




kQ 




R/W pin low 




0.25 




kQ 


a Vmax 


Maximum Gain 


V BYP =2.6V 


83 






V/V 


a v M in 


Minimum Gain 


V BYP = 6V 


2 




4 


v/v 


e N 


Input Noise Voltage 


Gain set to maximum 






30 


nV/VHz 


BW 


Bandwidth 


Gain set to maximum, -3dB point 


30 






MHz 


AVqs 


Maximum Gain and Minimum 
Gain AGC Amp Output Offset 
Voltage Difference 


Vbyp=2.6V for maximum gain 
V B yp= 5.0 V for minimum gain 






700 


mV 


v byp M ax 


Max Voltage at BYP Pin at 
Minimum Gain 


V(D IN+ -D IN _) = 1.6yV AG c = 3.0V 




6.0 


6.7 


V 


Vop 


Maximum Output Voltage 
Swing 


SetbyV AGC ' 


3 






Vp-p 


'OD 


OUT+ to OUT- Pin Current 


No DC path to GND, See Note 3 


±3.2 






mA 


Ro 


Output Resistance 






18 


32 


Q 


Co 


Output Capacitance 






12 




pF 


V, P 
Vagc 


(D| N+ — D| N _) Input Voltage 
Swing VS AGC Input Level 


30mV P _p<V ( | N+ _| N _)<550mVp_p, 
0.5V P .p<V (DlN+ _ D|N _ ) <1.5V P .p 


0.37 


0.48 


0.56 


Vp. P /V 


V,p 


(D IN+ — D| N _) Input Voltage 
Swing Variation 


30mVp. P <V (IN+ _| N _ ) <550mV P .p, 
AGC Fixed, over supply and temp. 






+8 


% 


t D 


Gain Decay Time 


See Figure 1a; V !N = 300mVp. P 
then >150mV P .p at 2.5 MHz, 
Vqut to 90% of final value. 




50 




MS 


tA 


Gain Attack Time 


See Figure 1b; from Write to Read 
transition to Vqut at 110% of final 
value, V| N = 400 mVp.p® 2.5 MHz 




4 




MS 


Uccfc 


Fast AGC Capacitor 
Charge Current 


V(D 1N+ -D, N _) = 1.6V,V AGC =3.0V 


1.3 


1.5 


2.0 


mA 


UgCsc 


Slow AGC Capacitor 
Charge Current 


V (D|N + -D|N-) = 1 ' 6V ' Vaf V V AGC until 

slow discharge begins 


0.14 


0.17 


0.22 


mA 




Fast to Slow Attack 
Switchover Point 


V (D|N + -D|N-) 

V (D IN+ -D IN _) Final 




1.25 




' 


Ugcd 


AGC Capacitor 
Discharge Current 


V (D| N + -D| N -) =a0V Read M ° de 




4.5 




ma 




Hold Mode 


-0.2 




+0.2 


ma 


CMRR 


CMRR (Input Referred) 


Vin + = Vin - - 100 mVp.p @ 5 MHz, 
gain at maximum 


40 






dB 


PSRR 


PSRR (Input Referred) 


V C c or V DD = 10° mV P-P @ 5 MHz / 
gain at maximum 


30 






dB 


TREC 


Write to Read Recovery Time. 
Includes AGC Settling 


V (lN+ _| N _) = 100mVp.p@ 2.5MHz 


1.2 


2 


10 


MS 
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ELECTRICAL CHARACTERISTICS (continued) 

The following specifications apply over the recommended operating conditions of V<x= 5 V ± 10%, Vqd - 12 V ± 10%, 
0°C<T A < 70°C, IN + and IN - AC coupled, OUT+ and OUT- differentially loaded with >600Q and each side loaded with 
<10pF to GND, C B YP=2000pF, OUT+ and OUT- AC coupled to D| N+ and D| N _ respectively, V A gc~2.2V unless otherwise 
specified. (See Note 2.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


READ MODE CHARACTERISICS (Continued) 


Hysteresis Comparator 


Vip 


Input Signal Range 








1.5 


Vp-p 


R ID 


Differential Input Resistance 


V(D, N+ -D IN _) = 100mV P .p@2.5MHz 


5 




15 


kQ 


Qd 


Differential Input Capacitance 


V(D IN+ -D, N _)=100mVp. P @2.5MHz 






6.0 


PF 


Zic 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


V,o 


Comparator Offset Voltage 


HYS pin at -0.5V, < 1.5 kQ across 

D IN+/ D|N- 




5 




mV 


V HYSP 
V HYS 


Peak Hysteresis Voltage vs HYS 
pin voltage (input referred) 


1V<V HY s<3V 


0.16 


0.21 


0.25 


V/V 


l| 


HYS Pin Input Current 


1V<V HY s<3V 







-20 


ma 


b 


LEVEL Pin Max Output Current 




3 






mA 


Ro 


LEVEL Pin Output Resistance 


'level = 0.5 mA 




180 




Q 


Vol 


Dqut P' n Output Low Voltage 


T A =70°C 


V DD -4.0 




V DD -2.5 


V 


Vqh 


Dqut P' n Output High Voltage 


T A =70°C 


V DD -2.2 




V DD -1.5 


V 


V LEVEL 
V D,N 


Level Pin Output Voltage vs 

V(D, N+ -D, N _) 


0.6<|V (D|N+ _ D|N _ ) |<1.3V P .p 
10 kQ from level pin to GND 


1.5 




2.5 


V/V P .p 


Active Differentiator 


v, P 


Input Signal Range 








1.5 


Vp-p 


R ID 


Differential Input Resistance 


V(c IN+ -c IN _r100mVp_p@ 2.5MHz 


5 




11 


kQ 


Qd 


Differential Input Capacitance 


V(C IN+ -C IN _) = 100mV P .p@ 2.5MHz 






6 


PF 


Z| C 


Common Mode Input 
Impedance 


(both sides) 




2.0 




kQ 


'OD 


D| F+ to D| F _ Pin Current 


Differentiator Imped must be set so as 
not to clip signal at this current level 


±1.3 






mA 


V,o 


Comparator Offset Voltage 


D| F+ , D| F - AC Coupled 




5 




mV 


Vol 


Cout P ,n Output Low Voltage 


0<I O h< 0.5 mA 




V DD -3 




V 


Vpo 


Cout pin Output Pulse Voltage 


0<I O h< 0.5 mA 




0.4 




V 


PW 


Cout P» n Output Pulse Width 


0<I O h< 0.5 mA 




30 




ns 


A v 


Voltage Gain From Q N + to 

D| F ± 


R(D, F+ toD| F _) = 2kQ 


1.7 




2.2 


V/V 


Undervoltage Detector (ML4042 Only) 


V CCTH+ 


V cc Fault Threshold + 


V F u transition from low to high 


3.8 


4.2 


4.5 


V 


V CCTH- 


V cc Fault Threshold - 


V FL j transition from high to low 


3.8 


4.1 


4.5 


V 


V DDTH+ 


Vd D Fault Threshold + 


V F u transition from low to high 


9.6 


10.2 


10.8 


V 


Vddth- 


Vd D Fault Threshold - 


Vpu transition from high to low 


9.6 


10.0 


10.8 


V 


VqL 


Output Low Voltage (V F u) 


loL=1-6mA 






0.4 


V 


VQH 


Output High Voltage (Vj^) 


bH—400/iA 


2.7 






V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 5 V ± 10%, Vpp - 12 V ± 10%, 

0°C<T A <70 o C,V ( q N+ _ C|N _)-V ( ^^ 

Cos^^OpF/ 4kQ to Vcc ar, d 10pF to GND on pin RD unless otherwise specified. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 4 


MAX 


UNITS 


Output Data Characteristics (Refer to Figure 2) 


kn 


D-Flip-Flop Set Up Time 


Min delay from V (D|N+ _ DlN _) 
exceeding threshold to V ( d if+ _ D|F _) 
reaching a peak 









ns 


tD3 


Propagation Delay 








110 


ns 


t D5 


Output Data Pulse Width 
Variation 


(See Note 5) 

Cos - 60pF, T A = 25°C 


40 


50 


65 


ns 


tD3 _t D4 


Logic Skew (Pulse Pairing) 








1 


ns 


tR 


Output Rise Time 


Voh-2.4V 






18 


ns 


tF 


Output Fall Time 


V OL =0.4V 






14 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: AGC amplifier output current may be increased as in Figure 4. 

Note 4: Typicals are parametric norm at 25 °C. 

Note 5: t D5 = 830 (Cos), 50pF < C os < 150pF 



FUNCTIONAL DESCRIPTION 

Operating Modes 

The ML4041, ML4042 has three definitive operation modes 
which are: Read mode, Write m ode and Hold mode. These 
modes are defined by input pins HOLD and R/W as shown 
in Table 1. Read mode, the mode used normally for pulse 
detection, is assumed in the following sections unless other- 
wise noted. 

AGC Amplifier Section 

The purpose of the AGC amplifier is to provide a constant 
read signal level for both the level and slope detectors. Full 
differential processing of the read signal is used to minimize 
noise and distortion in the analog signal. A wide gain range is 
required due to large signal variation when moving the re- 
cording head from an inside to outside data track or varia- 
tions in media. 

The differential output voltage level Vqut from tne AG C amp 
is determined by voltage Vagc present at pin AGC. Vqut is 
full wave rectified and compared against Vagc to create 
charge /discharge current for capacitor Cbyp connected at 
pin BYP. Voltage Vbyp across Cbyp controls the gain in the 
AGC amplifier. 

Two distinct values of Ibyp are possible which determine a fast 
and slow AGC gain response attack rate. When Vqut is more 
than 125% of the set level a high value of Ibyp is sourced 
which provides a fast AGC attack rate. When Vqut is within 
100% to 125% of the set level a reduced value of I B yp is 
sourced which provides a slower attack rate. The fast-slow 
gain response attack rates provides for an initial quick system 



response and then minimum zero crossing distortion of the 
analog signal once the gain is within working range. Vagc 
should be set so that the differential input voltage Vrj |N into 
the level comparator is 1 Vp.p at nominal Read signal condi- 
tions. The AGC amp section gain is given by: 



Av2_ 
A V i 



- exp 



V BYP2 



• V BYP1 



5.8 x V T 

Where: A v i, Ay2 are initial and final amplifier gain values 
corresponding to initial and final Vbyp values. 

Vj = (KD/Q - 26 mV at room temperature. 

The AGC amp's differential inputs must be AC coupled to the 
read amplifier (ML117, ML501, etc.) differential outputs. Simi- 
larly, AC coupling must be used at the AGC amp outputs. 

AGC Amp During Write Mode- When the ML4041, ML4042 
is put into write mode, the AGC amp's input impedance is 
lowered to allow a faster dampening of the Write to Read 
transient from the head pre-amp. The AGC gain is also set to 
maximum gain so that fast AGC attack will occur when 
changing back to the Read mode. Internal device timing is 
controlled so that settling occurs prior to Read mode activa- 
tion. Minimal value input coupling capacitors should be 
chosen to reduce settling time, however, bandwidth require- 
ments also need to be considered. 
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AGC Amp During Hold Mode— During the Hold mode, the 
charge /discharge current driving pin BYP is internally discon- 
nected. AGC compensation capacitor Cagc will tnen h°'d 
the present gain setting. The amplitude of Vqut will therefore 
not affect the AGC gain and gain will remain constant. 

Hold mode is used so that AGC gain will not be adjusted 
when embedded servo information is read. This prevents 
loosing the pulse peak amplitude information needed during 
position decoding, or creating additional gain settling time 
when again reading data. Embedded servo pulses are nor- 
mally taken at outputs D| F _ and D| F +, as shown in the typical 
application. 

External Filter Network 

Filtering for the level and slope detectors can be performed 
with a single filter or two separate filters. If separate filters are 
used, care must be used to insure that time delays are 
matched. A multi-pole Bessell filter is recommended due to 
the group delay and linear phase characteristics. 

Level Detector 

The full wave rectified Vqut is buffered and available at pin 
LEVEL. The level detector uses a hysteresis comparator to 
compare the processed read signal amplitude against a refer- 
ence voltage derived from voltage Vlevel output from pin 
LEVEL. Using Vlevel provides a feed-forward function that 
allows valid level detection to be performed prior to AGC 
amp gain settling. The level detector hysteresis value is set in 
a way that will only allow relatively large read pulse peaks 
(negative or positive) to be detected. 

Slope Detector 

The slope detector uses an external reactive component 
network to produce a voltage signal proportional to the differ- 
ential of the read signal. By using a hysteresis comparator to 
detect zero slope of the read signal, the time occurrence 
of positive or negative read pulse peak values can be 
determined. 

An external reactive network, shown in the Typical Applica- 
tion, is used between the D| F + and D| F _ pins to provide the 
differential function given by: 



A V 



-2000Cs 



LCs2 + (R + 92) Cs + 1 
External capacitor (20 pF to 150 pF) 



Where: C = 

L - External inductor 
R - External resistor 
s = jcu - j2rcf 



Output Logic 

The output logic provides a negative TTL pulse at pin RD 
which begins at the peak of a valid read pulse, as shown 
below. 



TYPICAL INPUT 
READ SIGNAL 



ML4041, ML4042 
OUTPUT 




Pin R/ W must be high for the output logic to be active. The 
key element in the output logic is the D flip-flop. The flip-flop 
is clocked by the slope detector at the time of a zero crossing, 
which loads data from level detector. The flip-flop inputs only 
change state when the level detector detects a peak ampli- 
tude of a polarity opposite to the previous valid peak. Thus, 
through the output logic the slope detector determines out- 
put timing and the level detector determines pulse validity. 

Layout Considerations 

As with any high gain, wide bandwidth analog circuitry, care 
needs to be exercised in PC layout. Power supply and ground 
lines should be bypassed and well isolated from other cir- 
cuitry. A ground plane is recommended, as is keeping analog 
lines short and well balanced to prevent interaction with 
nearby circuitry in the disk drive. 
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BLOCK DIAGRAM 



OUT + i |OUT- D ' N |D| N+ C, N - Q N 



Dif- 



D|F + 



|Vcc 



iVdd 



VDD 



Vdd 



UNDERVOLTAGE 
DETECTOR 





D Q — 



ONE 
SHOT 



VFLT 



COUT 



LEVEL R/W HYS Dqut 



OS 
*ML4042 ONLY 
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AGC 

VlN 






niLiu 



Figure 1. AGC Timing Diagram 




iru 



Figure 2. Output Logic Timing Diagram 
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TYPICAL APPLICATIONS 




Racc J=Cagci 

CACC2 



Cout4= 4= 
OUT + 



Rout 



D| N - 
OUT- 



GAIN 
CONTROL 



VDD 



/- 



D|NH 



Rcd 



C|N- 



-► SERVO READ DATA 



Rd if 




±c D| 



Qn + 



D|F + 




D|F- 



V CC 



^ 



V D D 



UNDERVOLTAGE 
DETECTOR 



FULL-WAVE RECTIFIER 



>_ 



I 



¥ 




< 
? 




~F 



VDD 




CONTROL 
LOGIC 



Clevel: 



z: 





DoUT 



-READ/ WRITE 
CONTROL 



> RLEVEL2 



CK CK 

D Qhi one 

D Q 



COUT 



REREAD 
DATA 



=p C OS 5 V 

_i 



Figure 3. Typical Application Diagram 



IN + 
IN- 



OUT- 
•0— 



IOUT+ = IOUT- = 4.2 mA + 



Rext. 



Figure 4. Modification of AGC Amplifier Output to Drive Low Impedance Filters 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4041CP 


0°C to +70°C 


MOLDED DIP (P24) 


ML4041CQ 


0°C to +70°C 


MOLDED PCC (Q28) 


ML4041CS 


0°C to +70°C 


MOLDED SOIC (S24) 


ML4042CP 


0°C to +70°C 


MOLDED DIP (P28) 


ML4042CQ 


0°C to +70°C 


MOLDED PCC (Q28) 


ML4042CS 


0°C to +70°C 


MOLDED SOIC (S28) 



^^ Micro Linear 



5-49 



3^. Micro Linear 



July 1992 

ML4401 



Servo Demodulator 



GENERAL DESCRIPTION 

The ML4401 provides all of the analog circuitry necessary for 
the demodulation of di-bit servo signal information in 
Winchester disk drives. It interfaces to the servo head preamp 
and provides quadrature position signal outputs for the servo 
controller circuitry. 

The ML4401 includes a high-performance 592-type input 
amplifier and differential AGC circuit. External logic is de- 
signed to meet the needs of the particular servo system utiliz- 
ing the VCO and Charge Pump to create a PLL time base for 
Peak Detector gating. The SYNC output provides servo chan- 
nel timing information for the logic. 

The ML440T when combined with the ML4402, 
ML4406/07/08 Servo Driver, the ML4403, ML4413 Servo 
Controller and the ML4404 Trajectory Generator, 
provides a flexible closed-loop servo control system. 



FEATURES 

■ Combines all analog di-bit demodulation circuitry 

■ Logic track-type switching can be used to minimize 
demodulator offset 

■ Exponential AGC characteristics makes AGC settling 
independent of input step size 

■ External loop compensation of analog blocks 

■ External digital circuitry allows flexible pattern format 

■ On-chip band gap voltage reference eliminates exter- 
nal referencing 

■ Operates from 12 V power supply 

■ Compatible with Micro Linear's ML4403, ML4413 
Servo Controller, ML4402, ML4406/07/08 Servo 
Driver and ML4404 Trajectory Generator 



BLOCK DIAGRAM 



C A 



Cd 



FROM-^p 
PREAMP-Hh 



VAGC I 



Vref 



Cacc 



Cdc 



-Is It- 

jvcc Xc 
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ML4401 



ML4401 28-Pin DIP 
(Prototypes Only) 



ML4401 28-Pin PCC 



HNC [ 


1 


^^ 28 


vcol[ 


2 


27 


VCOI [ 


3 


26 


vcop[ 


4 


25 


vcon[ 


5 


24 


Vcc[ 


6 


23 


Vref[ 


7 


22 


GND [ 


8 


21 


Vagc[ 


9 


20 


Cagc[ 


10 


19 


GAIN1 [ 


11 


18 


INX[ 


12 


17 


iny[ 


13 


16 


GAIN2 [ 


14 


15 



] FDEC 
] POSB 
] POSA 
] SYNC 
]Cdc 
]TP 
] GATE4 
] GATE3 
] GATE2 
] GATE1 
]CAP4 
]CAP3 
]CAP2 
]CAP1 




I INY I CAP1 I CAP3 
INX GAIN2 CAP2 CAP4 



PIN DESCRIPTION 



PIN# 



NAME 



FUNCTION 



FINC 

VCOL 
VCOI 
VCOP 

VCON 



6 

7 
8 


Vcc 
Vref 
GND 


9 

10 


Vagc 
Cagc 


11 


GAIN1 


12 


INX 


13 


INY 


14 


GAIN2 



Charge pump frequency incre- 
ment input (TTL). 
PLL loop compensation terminal. 
VCO high impedance input. 
VCO positive output, for capaci- 
tive feedback to VCOI. 
VCO negative output, drives resist- 
ance feedback to VCOI, also pro- 
vides ECL output on ML4401 and 
TTL output on ML4411. 
+12 V supply. 

Voltage reference output (+5 V). 
Ground. 

AGC gain reference voltage input. 
External capacitor terminal to set 
AGC response. 

Input amplifier gain adjusting RC 
terminal 1. 

X input into input amplifier. 
Y input into input amplifier. 
Input amplifier gain adjusting RC 
terminal 2. 



PIN# 


NAME 


FUNCTION 


15 


CAP1 


Peak detector 1 capacitor terminal. 


16 


CAP2 


Peak detector 2 capacitor terminal. 


17 


CAP3 


Peak detector 3 capacitor terminal. 


18 


CAP4 


Peak detector 4 capacitor terminal. 


19 


GATE1 


Peak detector 1 gate input (TTL) 
high enabled, low disabled. 


20 


GATE2 


Peak detector 2 gate input (TTL) 
high enabled, low disabled. 


21 


GATE3 


Peak detector 3 gate input (TTL) 
high enabled, low disabled. 


22 


GATE4 


Peak detector 4 gate input (TTL) 
high enabled, low disabled. 


23 


TP 


Composite test point, normally left 
unconnected. 


24 


C D C 


External capacitor terminal to set 
DC restore response. 


25 


SYNC 


SYNC pulse output (TTL). 


26 


POSA 


Position output A. 


27 


POSB 


Position output B. 


28 


FDEC 


Charge pump frequency decre- 
ment input (TTL). 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage, V cc 14V 

Input Voltages: 

GAIN1, GAIN2 -0.3 to 8V 

Cagc -0.3to7.0V 

V AGC -0.3 to 5.3V 

CAP1, CAP2, CAP3, CAP4 3.0 to 10V 

GATE1, GATE2, GATE3, GATE4 , VCOP -0.3 to 7.5V 

INX, INY, VCON, VCOI, FINC, FDEC, C DC 

-0.3 to V cc +0-3V 

JA for 28-Pin Plastic Dip ^60°C/Watt 

JA for 28-Pin PLCC 60°C/Watt 

Storage Temperature Range -65°C to 1 50°C 

Junction Tempearture (T JMAX ) 150°C 

Lead Temperature (Soldering, 10sec) 260°C 



OPERATING CONDITIONS 



Temperature Range 0°C to 70°C 

Supply Voltage (V cc ) 12 V DC ±10% 

Input Coupling Capacitance (Ci) 0.01 j/F 

Input Amp Gain Capacitance (C G ) 0.047 juF 

Input Amp Gain Resistance {Rq) 1 kQ 

AGC Response Compensation Capacitance (C A ) 0.082ptF 

Composite DC Restore Capacitance (C D ) 0.01 /^F 

PLL Compensation Components: 

Ccpi 0.1/iF 

Ccp2 1/^F 

Rep 910Q 

PLL Gain Components: 

R v 1000Q 

RL1, RL2 1000O 

Peak Detector Capacitance (CAP1 thru CAP4) 270pF 

SYNC Output Pull-Up Resistor (to 5 V) 3.3k 

On track Base-to-Peak Voltage at pin TP 1.75V 

V GA Gain Control Voltage (at pin C AG c) 0-65 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of T A - to 70° C, Vcc - 1 0-8 to 13.2 V, 
VVagc = 5.0V, and external components as recommended above, unless otherwise specified (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Power Supply 


l C c | Supply Current | V C c=12V 




81 


110 


mA 


TTL Inputs FINC, FDEC, GATE1, GATE2, GATE3, GATE4 


V,H 


High Level Input Voltage 




2.0 






V 


V, L 


Low Level Input Voltage 








0.8 


V 


l|H 


High Level Input Current 


V IH = 2.4V 


-1 




30 


ma 


IlL 


Low Level Input Current 


V| L = 0.4V 


-20 




1 


ma 


SYNC Output (TTL Open Collector) See Note 3 


Vol 


Low Level Output Voltage 


loi_= 1 -6mA 





0.3 


0.5 


V 


V THR 


Positive going input threshold 






Vref+0.9 




V 


Vthf 


Negative going input threshold 






Vref 




V 


t PD ± 


. Propagation Delay Rising, 
Falling 


RL=2k,C L = 15pF 


> 


50 




ns 


VCOP Output ML4401 (T A '« 25° Q 


VOH 


High Level Output Voltage 


RL=1kQ 


4.0 


4.3 


4.6 


V 


Vol 


Low Level Output Voltage 


RL=1kQ 


2.9 


3.2 


3.5 


V 


VCOP Output ML4411 


V H 


High Level Output Voltage 


l O H = 50/iA 


2.4 






V 


Vol 


Low Level Output Voltage 


Iql= 1.6 mA 







0.5 


V 


VCO and Charge Pump Section 


'bias 


Vcoi ' n P ut Bias Current 







25 


50 


ma 


•ch/ bis 


Vcol Charge and Discharge 
Current 




495 


660 


825 


ma 


'ch/'dis 


Vcol Charge/ Discharge Ratio 




0.95 


1.00 


1.05 


jiA/jiA 


'off 


Vcol O pF State Current 


FINC=2.0 
FDEC =0.8 





25 


50 


nA 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of T A =0 to 70°C, Vcc=10.8to 13.2V, 
Vagc-5.0V, and external components as recommended above, unless specified (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


VCO and Charge Pump Section (Continued) 


Fmax 


MAX VCO Frequency to Main- 
tain -i- and - 5% Control 
Range Note 4 




30 






MHz 


F vco 


VCO Frequency Range 
Note 4 


T A = 25°C, V cc = 12, V COL = 6V 
C v = 1000pF, R v = 604O 


9.7 


10.0 


10.3 


MHz 


K vco 


VCO Voltage to Frequency 
Factor 






2 




%/V 


Input AMP, AGC AMP, and DC Restore 


R IN 


INX, INY Differential Input 
Resistance 




7.5 


10 


20 


kQ 


IGAIN1, 2 


GAIN1,GAIN2 Bias Current 




0.66 


1.0 


1.20 


mA 


'bias 


Vagc Input Bias Current 







5 


20 


ma 


G MAGC 


AGC Transconductance at 
C AGC 






370 




MMHOS 


R AGC 


Control Range of AGC Loop to 
Regulate Composite Amplitude 
to within 2% of Nominal 






7/1 




v/v 


BW 


Bandwidth from INX, INY to 
Composite Note 4 




10 


15 




MHz 


GMDCR 


DC Restore Transconductance 






200 




piMHOS 


Peak Detectors 


ICH 


Charge Current 




12.7 






mA 


•dis 


Discharge Current 


T A = 25°C 


25 


45 


60 


ma 


T CDIS 


Tempcoof l D | S 






-0.17 




M A/°C 


Voltage Reference 


Vref 


Reference Voltage 


T A = 25°C 


4.85 


5.10 


5.35 


V 


TC 


Tempco 






50 




ppm/°C 


Rout 


Load Regulation 






2 




mV/mA 


PSRR 


Line Regulation 






10 




mV/V 


'sink 


Maximum SINK Current 




0.8 






mA 


Output Amplifiers (POSA, POSB) 


Vos 


Input Offset 


V CA p1-4=6V 


-10 





10 


mV 


A v 


Gain 




1.23 


1.28 


1.33 


V/V 


Ava/Avb 


Gain Tracking 




-3 





+3 


% 


V OUT 


Output Voltage Range 




1.0 




9.5 


V 


'SRC 


Output Source Current 




5 






mA 


'SNK 


Output Sink Current 




2 






mA 


SR 


Slew Rate 






2.5 




V/ms 


BW 


3dB Gain Bandwidth 






3 




MHz 



Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

correlation with worst-case test conditions. 

Note 2: Typicals are parametric norm at 25° C. 

Note 3: Pin 25 is an open collector output which should not exceed 7 volts in the high state. 

Note 4: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 

APPLICATION HINTS 

Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 

1. Set composite signal amplitude, measured at pin TP, by adjusting voltage at pin V A gc (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin C A qc; it should be approximately 
0.9 volts. C A gc voltage will vary approximately ±0.5 volts over the AGC range. 
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FUNCTIONAL DESCRIPTION 

Input Amplifier 

The input amplifier is equivalent to a wide-band 592 type 
video amplifier and provides amplification and buffering to 
the AGC circuitry. The Inputs INX and INY, which must be 
AC coupled, accept the composite analog signal from the 
servo head differential preamplifier. Internal input termina- 
tion resistors eliminate the need for external bias resistors. 
Prefiltering of the signal is normaly desired to eliminate un- 
wanted components. External components Re and Cq deter- 
mine the input amplifier's low frequency cutoff and gain as 
follows: 



FC 



1 



A V = 



1700 



2n (Re + 60Q) C G Re + 60Q 

Where: Cc = External series capacitance between pins 
GAIN1andGAIN2 
Rc = External series resistance between pins 
GAIN1andGAIN2 

Automatic Gain Control (AGO 

The purpose of the AGC loop is to maintain a constant peak 
output voltage level at outputs POSA and POSB. This peak 
level is established by the reference voltage applied to pin 
Vagc- 

Vp-P (Composite) = K1 X V A GC + K 2 
Where: K1 - 0.65 

K2 - 0.41V 
In this closed-loop system, the peak detector output voltages 
are fed back and combined with the Vagc voltage to provide 
a gain control current. The current controls the variable gain 
amplifier (VGA) and is compensated at pin Cagc t0 provide 
control of AGC bandwidth. The bandwidth of the entire AGC 
loop is determined by: 

BW - K VvAGC 
In C A 

Where: K - 4.3 x 10-4 

Wagc ~ External reference voltage at pin Vagc 
Ca - External capacitance at pin Cagc 

Optimum system stability is achieved by deriving Vvagc f rom 

the Vref output using a resistive divider. 

Composite Amplifier 

The input amplifier and AGC circuit of the ML4401 operate in 
a differential signal mode to provide good common mode 
and power supply rejection. The composite amplifier con- 
verts the differential signal into a buffered single-ended signal 
for the peak detector circuitry. The DC base line of the com- 
posite signal is equal to Vref • The bandwidth of the DC 
restore function is controlled by capacitor Cp at pin Cqc with 
the following relationship: 



BW 



gm 



2n C D 
Where: gm - VskQ 

Cp - External capacitance at pin Cqc 
The composite signal is available at pin TP and is normally left 
unconnected. For short circuit protection a 425 Q resistor is 
connected in series with pin TP internally. 



Synchronization Pulse Separator 

The SYNC pulse separator is a threshold comparator with 
hysteresis which passes pulses from the composite amplifier 
above a set threshold. It provides a buffered open collector 
TTL output. The SYNC output, when gated through an exter- 
nal one-shot, is used to control the external gate timing and 
PLL logic. 

Peak Detector 

The peak detector circuit captures the peak signal amplitude 
of the di-bit pulses. The gates are controlled by inputs GATE1 
through GATE4. Timing is established by the external logic 
circuitry. The external peak detector capacitors are con- 
nected from pins CAP1 through CAP4 to ground. The peak 
detector discharge rate (set by CAP1-CAP4) determines the 
maximum track crossing rate during an access operation. The 
performance of this block can be enhanced by using the 
velocity output of the ML4403, ML4413 to create a velocity 
proportional discharge. The peak detector outputs are fed 
into internal differential amplifiers that calculate the track 
error signals and provide buffered outputs POSA and POSB 
as follows: 

POSA - 1.25 (CAP1-CAP2) + V REF 
POSB - 1.25 (CAP3-CAP4) + V REF 

Voltage Controlled Oscillator and Charge Pump 

The VCO and external phase compare logic provi de a tim e 
base for peak detector gate sychronization. Inputs FINC and 
FDEC provide increment and decrement signals to the charge 
pump for changing the oscillator frequency. The FINC and 
FDEC inputs gate the charge pump for the duration of the 
pulse width. The RC timing network formed by Cy and Ry at 
pins VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Ry should be greater than 330 Q. Too low of a value will result 
in excessive power dissipation. RL1, RL2 and Ry should be 
approximately equal, although the values of RL1 and RL2 do 
not require accuracy. 

The VCO output should only be taken from pin VCON. 
Charge pump capacitor Ccpi is connected from pin VCOL to 
ground. Components Rep and Ccp2 are also connected in 
series from pin VCOL to ground to provide VCO loop com- 
pensation. 

Internal Voltage Reference 

Vref is an internal band-gap voltage reference. It is buffered 
and available at pin Vr E f and is used by the ML4402, 
ML4403, ML4404 and other chips requiring a 5 volt refer- 
ence. 

External Logic 

The external logic provided by the user typically has a com- 
plexity of about 150 to 300 equivalent gates. Complexity and 
architecture depends on the users di-bit pattern and control 
function. 

Note: Stray capacitance should be considered in applying the 
above relationships when low capacitor values are used. 
Stray capacitance of the integrated circuit terminal is typically 
about 2 to 3 pF. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4401CP 
ML4401YCQ 


0°C to +70°C 
0°C to +70°C 


MOLDED DIP (P28) 
MOLDED PCC (Q28) 
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Servo Driver 



GENERAL DESCRIPTION 

The ML4402 Servo Driver contains all of the control circuitry 
necessary to drive the head positioning actuator of a hard or 
rigid disk drive system. It receives the error signal generated 
from a servo controller circuit, such as the ML4403, ML4413, 
and drives an external transistor bridge which controls the 
head positioning voice coil actuator. The ML4402 output 
control circuitry includes current sense inputs to provide 
closed-loop control of actual actuator current. By using an 
external power transistor bridge, flexible thermal and space 
management is allowed as well as transistor selection which 
enables a wide application range. 

Included in the device is a unique disable function which 
permits interruption of actuator current. During a disable, the 
output control amplifiers are shut down which cuts off all 
current to the external transistor bridge. Disable can be acti- 
vated by a logic high into pin DIS or by the on-board low- 
voltage detector. Use of the low-voltage disable function 
prevents actuator response to a false error signal during a 
power failure. The low voltage detector can monitor up to 
two power supplies and has user definable low voltage trigger 
levels. 

The ML4402, when combined with the ML4401/4431 
Servo Demodulator, the ML4403, ML4413 Analog Servo 
Controller and the ML4404 Trajectory Generator, provides 
a flexible high-performance head positioning servo 
system. 



FEATURES 

■ Low differential input offset voltage 

■ Contains all control circuitry necessary to drive an 
external transistor bridge 

■ Differential amplifiers internally compensated 

■ Unique disable function interrupts actuator current 

■ Programmable dual supply low voltage detector 

■ Single +12 V power supply 

■ Compatible with Micro Linearis ML4401/4431 
Servo Demodulator, ML4403, ML4413 Servo 
Controller and ML4404 Trajectory Generator chips 



The ML4402-1 and ML4402-2 differ in offset voltage at the 
differential error signal inputs which is a result of the manu- 
facturing trim process. 




VALT 



V|NX 



V|NY 



REFA PS1 PS2 
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PIN CONNECTIONS 




TOP VIEW 

20-PIN DIP (Prototypes Only) 



20-PIN PLCC Package 

Vinx CND 
REFA | Viny | CMP1 




DIS | CMP2 | C2 
RETR S2 



PIN DESCRIPTION 



PIN# 



NAME 



FUNCTION 



PIN# 



NAME 



FUNCTION 



1 


V|NY 


Inverting input for error voltage 
signal. Used as a reference voltage 
(analog ground) input when using 
a single ended output from the 
ML4403 Servo Controller. Ob- 
tained from the Vref output of the 
ML4401 Servo Demodulator. 


11 


CMP2 


Compensation node of AMP2 
used to add additional compensa- 
tion; the device is manufactured 
with approximately 27 pF of inter- 
nal compensation. 

Bandwidth Effects: 


2 


V|NX 


Non-inverting input for error 
voltage signal. Used as the signal 
input pin when using a single 
ended output from the ML4403. 






f= § m 
2n(C+27pF) 
Slew Rate Effects: 

SR "* 


3 


REFA 


Reference pin for low voltage 










comparator. 






C+27pF 


4 


Vcc 


+12 V power supply pin. 






Where: 


5 


Valt 


Optional +5 V power supply pin to 
keep the PSF pin operating if Vcc 
fails. With V ALT at +5 V, the PSF pin 
will go low if Vcc g° es to zero, or 






gm = 150|Limhos 
C = External Compensation 
Capacitor C C mpi 
or Ccmp2 






too low to operate the comparator. 


12 


S2 


Current sense input for AMP2. 


6 


PS1 


Voltage input for low voltage 
comparator. 


13 


C2 


Collector of output transistor of 
AMP2. 


7 


PS2 


Voltage input for low voltage 
comparator. 


14 


E2 


Emitter of output transistor of 
AMP2. 


8 


PSF 


Power supply failure indication, is 
an open collector output of com- 


15 


C1 


Collector of output transistor of 
AMP1. 






parator. Logic low indicates PS1 
and /or PS2 voltage has gone be- 


16 


E1 


Emitter of output transistor of 
AMP1. 






low REFA. 


17 


S1 


Current sense input for AMP1. 


9 


DIS 


Amplifier Disable pin. 1 1 L input 
that disables both amplifiers with a 


18 


SGND 


Reference ground for S1, S2 
feedback. 






logic high. 


19 


CMP1 


Compensation node of AMP1, 


10 


RETR 


Return spring output, clamped 
open collector output, opposite 
logic polarity as pin PSF. Used to 
drive optional safety circuitry. 






used to add additional compensa- 
tion. The device is manufactured 
with approximately 27 pF of inter- 
nal compensation. Bandwidth and 
Slew Rate effects are the same as 
theCMP2pin. 








20 


GND 


Ground. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 

Power Supply Voltage (V cc ) 14V 

Terminal Voltage Range 

(ViNX/ V|ny/ Valt> PS1, PS2, REFA, DIS) -0.3toV cc +0.3V 

S1, S2 7V 

Terminal Input Current (CMP1, CMP2) 0.1 mA 

Storage Temperature Range -65°Cto +150° C 

Junction Temperature (Tj) 125° C 

Lead Temperature (Soldering, 10sec) 260° C 



OPERATING CONDITIONS 



Supply Voltage 

V cc 12 V ±10% 

V ALT 5V±10% 

Typical Component Values (Refer to Typical Application) 

Roa 470Q 

Rob 240Q 

Roc 150Q 

Rod 0.5Q 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc= 10.8 V to 13.2 V, V|ny= 5 V, T A =0 to 
70° C, and external components as shown above unless otherwise specified (See Note 1). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Power Supply 


Ice 


Vcc Supply Current 


Outputs unloaded, Pin REFA open 




10 


20 


mA 


'dd 


Valt Supply Current 


V CC =GND 




150 


500 


liA 


Amplifier Characteristics 


A V1 


Voltage Gain at Pin S1, 

Vsi/(V,nx-V,ny); 
Applies when V| NX >V| NY 


V, NX =5.1and6V 
V INY =5.0V 


0.342 


0.352 


0.362 


V/V 


A V2 


Voltage Gain at Pin S2, 

V S 2/(VlNY-V|Nx); 

Applies when V| NY >V| NX 


V, NX =4.9and4V 
V INY = 5.0V 


0.342 


0.352 


0.362 


v/v 


£av 


Gain Linearity Error 


(A V i - A V2 /0.5(A V1 +A V2 ) 


-2 





2 


% 


Vos 


Vinx/ v iNY ,n P ut Offset Voltage 
with Respect to Either Pin S1 or 
PinS2 


Vqs defined where 

A V iorA V 2>0.16 

T A =25°C 


-10 




+10 


mV 


V OS DIFF 


Differential 
Input Offset 


V OS1 _V OS2 
T A = 25°C 


ML4402-1 
ML4402-2 


-5 
-10 




+5 
+10 


mV 


T cvos 


Offset Voltage Tempco 






15 




lN/°C 


V S 


Voltage Swing Range of Pin SI, 
S2 Above Ground 


V S1 ;V, NX -6.7V 
V S2 ;V INX =3.3V 




0.5 


0.65 


V 


'VR 


Input Voltage Range into V| NX 
andV, NY 




3.3 




10 


V 


'lB1 


Input Bias Current, V iNX and 

V|NY 







10 


75 


^ 


■lB2 


Input Bias Current, Pin S1 or S2 
(sourcing) 


Vsi,V S2 =GND 


-1.6 


-1.2 


-0.8 


mA 


PSRR 


Power Supply Rejection 






60 




dB 


CMRR 


Common Mode Rejection 
Ratio 






80 




dB 


GBP 


Gain Bandwidth Product 


Ccmpi^^ 




0.83 




MHz 


SR 


Slew Rate 


CcMP1,2 = 




0.74 




V/jwS 


Output Transistor Characteristics 


•out 


Output Current; I C1 , l E1 , l C2 , Ie2 


V|NX-V|NY=+1V 

V C 1/ V C2 = 3V; V E1 , V E2 = 0.7V 


50 


100 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 V to 13.2 V, Viny - 5 V, T\ - to 
70° C, and external components as shown unless otherwise specified (See Note 1). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Internal Voltage Reference (V REF ) 


PSmin 


Minimum Allowable Vcc 
Voltage 


Where V REF >2.48V 


4.75 






V 


Vref 


V REF Voltage 


Tj-25°C 


2.44 


2.55 


2.66 


V 


t reg 


Vref Thermal Stability 


Over Specified Range 




50 




ppm/°C 


R REF 


R REF Resistance 


(Internal Resistor from V REF to Pin REFA) 




2.55 




kQ 


Comparator 


Vos 


Input Offset Voltage, any Two 
Inputs 




-30 


5 


30 


mV 


'in 


Input Bias Current 




-0.5 


-0.1 





ma 


Vol 


PSF Logic Voltage 


l L=1-6mA 





0.2 


0.4 


V 


Vol 


RETR Logic Voltage 


l S i NK =3mA 





0.5 


1 


V 


'oh 


PSF Logic 1 Leakage Current 


Vps F =5V 


-10 


0.2 


10 


ma 


'oh 


RETR Logic 1 Leakage Current 


Vretr=2V 


-20 


0.05 


20 


ma 


Amplifier Disable Section 


V, H 


DIS Logic High Voltage 




2.0 






V 


■iH 


DIS Logic High Current 


V, H = 2.4V 


-20 




20 


ma 


V, L 


DIS Logic Low Voltage 








0.8 


V 


'IL 


DIS Logic Low Current 


V, L «0.4V 


-20 




20 


ma 



Note 1: 0° C to 70° C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or by 
correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25° C. 
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TYPICAL APPLICATION DIAGRAM 



ML4401 Vref 




OPTIONAL SAFETY CIRCUITRY 



ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


COMMENTS 


ML4402-1CP 
ML4402-1CQ 
ML4402-2CP 
ML4402-2CQ 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


MOLDED DIP (P20) 
MOLDED PCC (Q20) 
MOLDED DIP (P20) 
MOLDED PCC (Q20) 


Input Offset = ±5mV 
Input Offset = ±5mV 
Input Offset = ±10mV 
Input Offset = ±10mV 
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ML4403, ML4413 



Servo Controller 



GENERAL DESCRIPTION 

The ML4403/4413 Servo Controller provides analog circuitry 
used in high performance trajectory and position control 
system for disk drive transducer heads. As a part of a head 
positioning servo system, this bipolar monolithic chip is de- 
signed to accept quadrature position signals and generate a 
servo error signal. While designed for minimum track access 
time, the ML4403/4413 supports a wide range of system 
designs. 

Trajectory control functions include a track crossing detector, 
a velocity signal generator, and a velocity event detector. 
System stability and short settling time is insured by the inter- 
polator function, which generates a ramp signal used to 
smooth the external position DAC output. 

Position control is provided by a signal error amplifier 
within the device. When used with the ML4401/4431 
Servo Position Demodulator, the track selection is 
performed by ML4401/4431 peak detector timing. This 
selection method eliminates track to track voltage offset 
problems and allows minimum track spacing. The ML4413 



FEATURES 

■ Interpolate function smooths trajectory curve 

■ Flexible architecture allows user defined loop response 

■ Provides minimum track access time and maximum 
track density 

■ Single +12 V power supply 

■ Compatible with ML4401 Servo Demodulator, 
ML4402, ML4406/07/08 Servo Driver and ML4404 
Trajectory Generator 

has a discharge function that enables zeroing of the 
external error amplifier compensation. This feature 
further reduces position settling time. An on-board 
on-track detector is provided which is used as a safety 
alarm by the controller for an off-track condition. 

The ML4403/4413 Servo Controller, when combined with 
the ML4401 Servo Demodulator, the ML4402, 
ML4406/07/08 Servo Driver and the ML4404 Trajectory 
Generator provides a flexible closed-loop servo control 
system. 



BLOCK DIAGRAM 



v C c 



POSa- 
POSb • 



DIFa- 
DIFb - 



POSI • 

*CDIS ■ 

*DIS ■ 



ML4403/ML4413 



> 



-■> 



-t^ 



COMPARATORS 



POSITION 

FILL-IN 

INTERPOLATOR 



£ 



2k 



VELOCITY SIGNAL GENERATOR 



VELOCITY 
COMPARATOR 



VELOCITY 
ERROR AMP 



MODE 
LOGIC 



VELOCITY 

EVENT 
DETECTOR 



OUTPUT 
MULTIPLEXER 



POSITION AMP 



ON-TRACK DETECTOR 



*CMP1 
*CMP2 



- FILL 

- VELO 



■ CMPO 

■ TCO 



PINS WITH THE * IN FRONT ARE USED ON THE ML4413 ONLY. 
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PIN CONNECTIONS 



ML4403 20-PIN DIP (Prototypes only) 



ML4403 20-PIN PLCC 




POSA[ 4 
POSB[ 5 
GND[ 6 
Vcc[ 7 
TRKX [ 8 



MODE Din 
FILL | DECO | VELE 

innn 



9 10 11 12 13 

LJLJLJLJLJ 

TCO I DIFA | VELO 

TCI DIFB 



18 J VELC 

17 ] POSI 

16 ] CMPO 

15 ] EVO 

14 ] VR 



ML4413 24-PIN SKINNY DIP (Prototypes only) 



ML4413 28-PIN PLCC 



DECo[ 




T^P 


] D, N 






FILL DECO VELE 




1 


24 




NC | MODE | Din I VELC 


MODE [ 
FILL [ 


2 


23 


] VELE 
] VELC 


/ 


nnnnnnn 




4 3 2 1 28 27 26 




3 


22 


POSA [ 


5 


25 


] NC 


posa[ 


4 


21 


] POSI 


POSB [ 


6 


24 


] POSI 


posb[ 


5 


20 


JCDIS 


CMP2 [ 




23 


] CDIS 


CMP2 [ 


6 


19 


]CMPO 


GND [ 


8 


22 


] CMPO 


gnd[ 




18 


] DIS 


CMP1 [ 


9 


21 


] DIS 


CMP1 [ 


8 


17 


] EVO 


Vcc [ 


10 


20 


] EVO 


Vcc[ 


9 


16 


] VR 


NC [ 


11 


19 


] VR 


TRKX [ 
TC0[ 


10 
11 


15 

14 


] VELO 

]difb 






12 13 14 15 16 17 18 








LJ LJ LJ LJ L_l LJ L_J 




TCI [ 






]difa 




TRKX | TCI I DIFB | NC 


12 


13 






TCO DIFA VELO 





NC= NO CONNECTION 
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PIN DESCRIPTION 



ML4403 

DIP and 
PLCC 



10 



ML4413 
DIP PLCC 



NAME FUNCTION 



DECO 



2 
3 


2 
3 


2 
3 


MODE 
FILL 


4 
5 


4 
5 


5 
6 


POSA 
POSB 


6 


7 
8 
6 


8 
9 

7 


GND 
CMP1 
CMP2 


7 
8 


9 
10 


10 
12 


Vcc 
TRKX 



13 



12 14 



18 



21 



TCO 



TCI 



11 


13 


15 


DIFA 


12 


14 


16 


DIFB 


13 


15 


17 


VELO 


14 


16 


19 


VR 


15 


17 


20 


E VO 



DIS 



16 


19 


22 


CMPO 




20 


23 


Cdis 


17 


21 


24 


POSI 


18 


22 


26 


VELC 


19 


23 


27 


VELE 


20 


24 


28 


Din 



Digital output from the velocity event detector. In application, this output goes 
to a logic high when the actual actuator velocity reaches the trajectory curve. It 
remains high through the "braking" or negative acceleration. This pin goes low 
when velocity is zero and remains low during actuator acceleration. This pin is 
only allowed to go high during access mode. This output is open collector and 
requires an external pull-up resistor. 

Digital input used to select Hold mode (low level) or Access mode (high level). 
Analog output that provides a sawtooth waveform that, when summed with 
stair-step output of the external DAC, provides a smooth trajectory curve. Refer 
to Figure 3. 

Analog input for quadrature position signals from demodulator (ML4401/ 
4431). Low pass prefiltering is recommended to eliminate peak detector 
ripple and external noise. 
Device ground connection. 

Digital outputs that can be used for various control and count schemes. These 
pins are only available on the ML4413. Timing is shown in Figure 3. These out- 
puts are open collector outputs with an internal pull-up resistor tied to +5 V. 
+12 V power supply connection. 

Digital output that provides a logic transition at each track crossing which is 
defined as the point midway between two tracks. Refer to Figure 3. This output is 
open collector with an internal pull-up resistor tied to +5V. 
Digital output from the on-track detector. Used in Hold mode, this pin goes to 
logic high when the position signal exceeds an established window. This output 
is open collector with an internal pull-up resistor tied to +5V. 
Analog input into the on-track detector. The input is normally derived from the 
position signal. 

Analog inputs for differentiated quadrature position signals. These inputs are 
used to generate the velocity signal at output VELO. 

Analog output that provides a continuous velocity (tachometer) signal by time 
multiplexing/inverting the DIFA, DIFB input signals. 
Reference voltage input. This value should typically be +5V, which is 
obtainable from the V REF output of ML4401/4431. 

Multiplexed analog output of both velocity error and position error signals. This 
output is used as the input for the servo actuator driving circuity such as the 
ML4402. 

Digital input that, upon a logic high, electrically shorts pins CDIS and CMPO in 
order to keep the compensator capacitor discharged after entering hold mode. 
This pin and function is only available on ML4413. This function is used to re- 
duce settling time when entering the Hold mode. Unlike pins MODE and DIN 
which float to logic high, this pin floats to logic low when left unconnected. 
Analog connection point for position compensation circuitry that is connected 
between this pin and POSI. 

Used to discharge external position compensation as shown in Figure 5. This pin 
is only available on ML4413. On the ML4403 this pin is internally connected to 
pin POSI. 

Analog input for position control amplifier. 

Analog input into velocity comparator. The velocity comparator trigger level is 
VR and is used for velocity event detection as described below. 
Analog input for velocity error signal generated off-chip, referenced to VR. 
Digital input that controls actuator direction during Seek mode. This input af- 
fects the waveforms of outputs Fill, Velo an d Evo ^ er t0 Figure 3. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only.and functional device operation is not implied. 
(All voltages referenced to GND.) 

Power Supply Voltage, V cc 14V 

Terminal Voltage Range 

VR - 0.3 to 7.0V 

POSI -0.3toV R +0.3V 

DIN, POSA, POSB, DIFA, DIFB, VELE, VELC, MODE, DIS, 

TCI -0.3 to V cc +0-3V 

Storage Temperature Range -65°C to +150°C 

Junction Temperature +125°C 

Lead Temperature (Soldering, 10 sec) 260°C 



OPERATING CONDITIONS 



Temperature Range 0°Cto 70°C 

Supply Voltage (V cc ) 12 V ±10% 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc =10.8 to 13.2 V, and Vr=5.0V, unless 
otherwise specified. (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Power Supply 


Ice I Vcc Supply Current 


Outputs unloaded 




38 


60 


mA 


DIGITAL INPUT/OUTPUT CHARACTERISTICS 


Inputs D| N and Mode 


V, H 


Logic High Voltage 




2.0 






V 


l|H 


Logic High Current 


V| H = 2.4V 


-40 


1 


40 


!xA 


V, L 


Logic Low Voltage 








0.8 


V 


I.L 


Logic Low Current 


V, L =0.4V 


-100 


-50 





fA 


Input DIS(ML4413 Only) 


V, H 


Logic High Voltage 




2.0 






V 


"IH 


Logic High Current 


V,H-2.4V 





180 


250 


IaA 


V, L 


Logic Low Voltage 








0.65 


V 


Outputs TCO and TRKX 


Vol 


Output Low Voltage 


Iql* 1.6 mA 







0.4 


V 


Voh 


Output High Voltage 


Ioh-SO^A 


2.4 






V 


tPD 


Propagation Delay 


C L =15pF 




200 




ns 


Vth 


Track Comparator Window 


+ and - relative to VR 


235 


257 


270 


mV 


Outputs CMP1 and CMP2 (ML4413 Only) 


Vol 


Output Low Voltage 


Iql= 0.4 mA 







0.4 


V 


Voh 


Output High Voltage 


l OH --50fiA 


2.4 






V 


Output DECO 


Vol 


Output Low Voltage 


loL~1'6mA 







0.5 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 to 13.2V, and Vr=5.0V, unless 
otherwise specified. (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


ANALOG INPUT/OUTPUT CHARACTERISTICS 


Outputs Fill, VELO, COMPO, and EVO 


Vosi 


Input Offset Voltage EVO, FILL 






2 




mV 


VOS2 


Input Offset Voltage COMPO 




-5 




5 


mV 


VOS3 


VELO 

Input Offset Voltage Tracking 

Between 4 Multiplex States 


Variation in output level in 
4 multiplex states with 
DIFA-DIFB-5V 


-10 




10 


mV 


SRj 


Slew Rate FILL 






4 




V/^s 


SR 2 


Slew Rate COMPO, VELO, 
EVO 






1 




V/jxs 


V OUT 


Output Range All 




1.0 




9.0 


V 


'SRC1 


Source Current COMB VELO, 
FILL 




3 






mA 


•SRC2 


Source Current EVO 




1.5 






mA 


J SNK1 


Sink Current FILL 




0.25 






mA 


•SNK2 


Sink Current EVO, VELE 




2 






mA 


'SNIG 


Sink Current COMPO 




4 






mA 


Operational Amplifiers 


Vos 


Input Offset Voltage 






2 




mV 


tc 


Average Temperature Coeff of 
Input Offset Voltage 






20 




mv/°c 


bs 


Input Offset Current 






10 




nA 


Ib 


Input Bias Current 






100 




nA 


AVql 


Open Loop Gain 






200 




V/mV 


GBW 


Gain Bandwidth Product 






1 




MHz 


POSA, POSB Comparators 


Vos 


Input Offset Voltage 






2 




mV 


V HYS 


Hysteresis 






±500 




mV 


tc 


Average Temp Coeff of Input 
Offset Voltage 






20 




ptV/°C 


los 


Input Offset Current 






50 




nA 


Ib 


Input Bias Current 






500 




nA 


A V 


Voltage Gain 






200 




V/mV 


Pd 


Response Time 






500 




ns 



Note 1: 0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 
by correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25°C. 
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FUNCTIONAL DESCRIPTION 

Power Supply and Reference Requirements 

The ML4403/4413 operates from a single 12V ± 10% 
power supply, a 5.0V reference is required at pin VR 
which is available from pin Vref on the ML4401/4431. 
VR serves as a system reference or "analog ground". 

Modes of Operation 

The device has two modes of operation, Access and Hold 
mode, which are controlled by pin MODE. To accomplish 
this, pin MODE controls the output multiplexer that selects 
either the velocity or position error signal. 

Access Mode 

The head actuator servo system uses Access mode to move 
the recording head(s) from one data track to another. Access 
mode circuitry within the ML4403/4413 includes analog 
functions necessary to measure and control head actuator 
velocity. The head velocity is controlled in a fashion that 
provides for a fast track-to-track movement and minimum 
settling time, which results in minimum track access time. 

Actuator Trajectory 

Similar to racing to the next stop sign, the fastest way to move 
from one data track to the next is through maximum acceler- 
ation and maximum braking (negative acceleration). In a disk 
drive the acceleration, either positive or negative, is governed 
by maximum available actuator current. To do this in a con- 
trollable manner and land on the target track, an achievable 
"braking curve" or trajectory function is first defined. At the 
beginning of Access mode, maximum acceleration is applied 
until the head velocity reaches this defined braking curve. 
Following the velocity profile of the trajectory curve, con- 
trolled braking stops the head on the target track. 

Unlike acceleration, velocity and distance are accurately 
measurable and therefore controllable parameters. The tra- 
jectory function, as shown in Figure 2, is therefore expressed 
as velocity (track crossing rate) vs. distance (tracks to go). The 
desirable constant positive and negative acceleration will 
result in the expression of velocity as a function of the square 
root of distance. Therefore generation of the trajectory curve, 
velocity vs. distance, requires a non-linear function. 

Actuator Trajectory Generation 

At the start of a track access cycle, initial tracks-to-go count is 
supplied by the microprocessor. As the head moves, the 
count is decremented by the ML4403/4413 track crossing 
detector. To generate the analog "desired velocity" signal 
required for braking control, the tracks-to-go count (distance 
variable) is converted through a DAC (Digital to Analog Con- 
verter) with a non-linear square function included either 
before or after the conversion. One common approach used 
to obtain this non-linear function is to pre-process the tracks- 
to-go count (or multiple thereof) in the microprocessor. This 
can be performed algorithmically by the use of a look up 
table. 



An alternate method, as shown in the typical application of 
Figure 5 piaces the non-linear function after the DAC conver- 
sion. The tracks-to-go count is maintained by a simple dis- 
crete down-counter that is initialized by the microprocessor. 
To eliminate the DAC steps and provide a smooth distance 
signal, the DAC output is summed with the ML4403/4413's 
FILL output in the external summing amplifier shown. The 
FILL output generates a sawtooth wave, as shown in Figure 3. 
This distance signal is then passed through the non-linear 
trajectory generator which generates the "desired velocity" 
signal used during braking. Generating a smooth trajectory 
curve reduces electrical /mechanical system oscillation and 
target track settling time. 

Inductance-caused actuator lag can also create a target track 
overshoot problem. The trajectory curve generator, as indi- 
cated, can be designed to allow the microprocessor to mod- 
ify the non-linear function in a way to account for this lag. 
Refer to Figure 2. The amount of lag will depend on duration 
of braking. Braking duration can be correlated against accel- 
eration duration which is indicated by the timing of pin 
DECO. 

The track crossing detector, which drives the trajectory posi- 
tion counter (see Figure 5), is generated with external logic. 
The input comparators have a fixed amount of internal hys- 
teresis to provide noise immunity and media dropouts. The 
CMP1 and CMP2 outputs on the ML4413 can be used to 
perform more sophisticated sequential track crossing detec- 
tion schemes. This can further reduce the detector's suscep- 
tability to media dropouts. 

Hold Mode 

At the end of an Access cycle, the head is stopped, or nearly 
so, on the target track. Hold mode is then selected to main- 
tain accurate head positioning on that track. In this mode, the 
compensator output (CMPO) is multiplexed into the error 
amplifier output (EVO). 

Track Selection 

Track position is held by maintaining a zero value of the posi- 
tion input signal, with respect to VR. However, to allow selec- 
tion of one of four track types and maintain error signal 
polarity, selection of POSA, POSB, or their inverse needs to 
be possible. Commonly this selection process is accom- 
plished with an analog multiplexer-inverter matrix. The prob- 
lem inherent with this approach is the track-to-track offset 
differences, caused by the amplifier input offset differences 
within the matrix. 

The track selection scheme adopted by the ML4401/4431 
and ML4403/4413 combination performs the multiplexing 
within the ML4401/4431. The selection/inversion 
operation is performed with the external support logic of 
the ML4401/4431 by changing the peak detector sample 
timing. This method eliminates the offset problems and 
allows a higher track density. 



5-66 



fl& Micro Linear 



ML4403, ML4413 



Position Amplifier and Compensator Zeroing 

During track following mode (mode low), the compensator 
amplifier acts as an integrator which nulls out the position 
error. The timing of the transition between access mode and 
track follow is critical to minimize settling time. The velocity 
at which this transition occurs can be externally set by resistor 
RCMP (see Figure 5). During seek mode, the large compensa- 
tor capacitor (CCMP) is discharged through an internal 
switch, so that the integrating loop sees no initial charge at 
the beginning of track follow mode. This can reduce settling 
time by several milliseconds. 

The ML4413 provides a further enhancement of this feature. 
The switch can remain closed after the beginning of the seek- 
to-track follow transition by holding pin DIS high. In this way, 
the time at which the logic switches modes, and the time that 
integration begins can be controlled independently, and 
further settling time reduction can be acheived. 

On-Track Detector 

The on board on-track detector is a window comparator that 
provides a digital alarm of an off-track condition. This feature 
is useful as a safety to prevent data transfer during an off-track 
condition that may occur during track settling or mechanical 
jarring. 

Velocity Control 

As a necessary element of velocity control, a velocity 
signal is generated and is output at pin VELO. To 



accomplish this, the quadrature position signals are first 
differentiated through external RC networks and then 
input into pins DIFA and DIFB. The ML4403/4413 then 
time multiplexes these differentiated signals to obtain a 
continous velocity signal that is output at pin VELO. It is 
important to note that the trajectory generator shown 
in Figure 5 generates a "desired velocity" signal positive 
with respect to VR, and that VELO creates a negative 
signal with respect VR. This allows the use of a simple 
external resistor bridge to create the velocity error 
signal. 

The summing function can be modified, as illustrated, by the 
action of pin DECO when the actual velocity reaches the 
trajectory curve. Modification can also be made just prior to 
that time with the "optional trajectory overshoot compensa- 
tion" circuit, shown in Figure 5, that prevents overshoot due 
to actuator motor inductance. 

Inductance-caused actuator lag can also create a track over- 
shoot problem. The trajectory curve generator, as indicated, 
can be designed to allow the microprocessor to modify the 
non-linear function in a way to account for this lag as shown 
in Figure 2. The amount of lag will depend on duration of 
braking. Braking duration can be correlated against accelera- 
tion duration which is indicated by the timing of pin DECO. 




-TRAJECTORY FUNCTION 
^ACTUATOR INDUCTANCE 
.INDUCED DELAY 

<N1" 




CMP1 OUTPUT 



J 



CMP2 OUTPUT 



1_ 



TRKX OUTPUT 



Din INPUT 



DISTANCE TOGO - 



Figure 2. 



FILL OUTPUT - 



NhW# 



Figure 3. 
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CDISJ 
DIS* 



ML4403, ML4413 



1 I I 



I VELOCITY 
EVENT 
DETECTOR 



1.7k 
-VS/V— 



V C C 




n^ra^T] | | DETI 



_z I 



! VELOCITY | I 

ERROR AMP I K. 

r | J (SET INPUT DOMINANT ) 

^1 



(SET INPUT DOMINANT ) 



T >C ^D 



^-t— ^o— i-oi y 



VR- +\^ 



10 k 



POSITION AMP 



r^fS 



JML4403 
ONLY 



?- 



VCC 



^> — £ 



LJ _J U-^J 

r 



±-l J 



ON -TRACK DETECTOR 
VR +0.25V — +^ 



^O- 



L I 

& & & # & 



& & & // &- 




*NOTE: THESE PINS ONLY AVAILABLE ON ML4413 

Detailed Function of Block Diagram of the ML4403/13 
Figure 4. 
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*NOTE THESE ARE TYPICAL VALUES ONLY AND MAY NOT BE OPTIMAL CHOICES. 
**NOTE CIRCUIT DRAWN FOR ML4403CQ AND ML4404CQ VERSIONS. 
DIFFERENT PIN NUMBERS ARE USED ON OTHER VERSIONS. 



Figure 5. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4403CP 
ML4403CQ 
ML4413CP 
ML4413CQ 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


MOLDED DIP (P20) 
MOLDED PCC (Q20) 
MOLDED DIP (P24) 
MOLDED PCC (Q28) 
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PRELIMINARY 

ML4404 



Trajectory Generator 



GENERAL DESCRIPTION 

The ML4404 Trajectory Generator provides the 
trajectory function for time optimal head positioning 
systems. The ML4404 receives position and velocity 
information from a servo controller, such as the 
ML4403, and generates the desired time optimal 
velocity trajectory. Desired Velocity is then compared 
with the actual velocity to create the error signal used 
by the servo controller. 

An anticipate function is included to compensate for 
phase shift error caused by actuator inductance. 
Another feature on the ML4404 is an error measure 
output which averages the velocity error during 
deceleration, so that the control system can monitor 
and adjust the necessary transducer gain for minimum 
access time. 

The servo system usually requires accurate analog 
voltages to be set through software control. This is 
easily accomplished with a duty cycle to current 
translator function on the ML4404. By controlling the 
duty cycle of a TTL line, a processor can set an analog 
voltage on the translator output. These translators are 
fully independent blocks which can be used anywhere 
in the control system. 



FEATURES 

■ Flexible architecture allows a user defined 
trajectory function 

■ Anticipate function compensates for phase delay 
caused by actuator inductance 

■ Feed forward function improves system stability 

■ Uncommitted PWM to current translators allow an 
analog voltage to be set with microprocessor 
control 

■ Single +12V power supply 

■ Compatible with Micro Linear's ML4401, ML4431 
Demodulator, ML4402, ML4406/07/08 Driver, and 
ML4403, ML4413 Controller 



BLOCK DIAGRAM 



TRAJOUT EAMPin ANTICIPATE EAMPqut V C c CND 



RXa - 

RX B - 

RY - 

RYvos- 

TRAIin - 



MSB 
LSB 



ISET 



PWM,NA 
PWM|NB 



TRAJECTORY 
MULTIPLIER 



VREF- - 




TRAJECTORY 
AMP 



TRAIECTORY 
DAC 



Vref— 



VELOCITY 
vAMP 




D 




■ir-t 



Vref- 




LATCH Q 



PWM 
DAC 



PWMoUTA 




5 VOLT 
REFERENCE 



VTOI 
AMP 



EMEASoUT 
ELATCHoUT 

DECEL 



Vref 



PWMOUTB 



RSENSEA RSENSEB DIR VI UT 
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PIN CONNECTIONS 



ML4404 28-Pin PLCC 





ISET 

rRAj, N | 


LSB 

o 


MSB Vref 
|EAMP| N | EMEASoUT 

IZ1XH r- 1 f"- 1 


'sum £ 
RYvos[ 


6 


4 


3 


2 


1 28 


27 


26 


25 
24 


] EAMPoUT 
] GND 


PWMOUTB [ 
PWMOUTA [ 


7 
8 














23 
22 


] Vcc 

] ANTICIPATE 


PWM,NA [ 
PWMiNB [ 


9 
10 














21 
20 


] ELATCHouT 
] DECEL 


NC[ 


11 


12 


13 


14 


15 16 


17 


18 


19 


] TRAJouT 






DIR |Rsensea| RY 

VlQUT RSENSEB 


■a 

I 

RX B 


■a 

RXa 














TOP VIEW 











PIN DESCRIPTION 

PIN# 
ML4404 NAME 



FUNCTION 



1 



7 
8 
9 

10 

11 
12 



MSB 



2 


LSB 


3 


'set 


4 


TRAJin 


5 


'sum 



RYyos 

PWMquTB 
PWMoUTA 
PWM, NA 

PWM, NB 

NC 
DIR 



Pulse width modulated (PWM) DAC TTL input (active low). The DAC output 
current is the position input to the trajectory generator. The MSB/ LSB ratio is 8/ 
1. The duty cycle of these two TTL inputs are controlled by a processor to form 
an 8-bit PWM DAC. The 3 higher order bits are modulated into the MSB. 
Pulse width modulated (PWM) DAC TTL input (active low). The 5 lower order 
bits are modulated into the LSB input. 

A resistor (Rset) from this pin to V REF sets the internal bias levels. Ibias = 3 V/Rset- 
The nominal value should be between 0.25 and 0.5 mA. 
The trajectory generator input. This node is connected through an external filter 
to the sum of the PWM DAC output and the multiplier output. 
The trajectory DAC output which is summed with the multiplier output feed- 
back. An external RC filter network from this pin to TRAJin smooths out PWM 
DAC ripple. 

Nulls out the offset of the trajectory curve at the origin. A resistor equal to RY is 
connected from this pin to Vre F - This pin is available only on the ML4404. 
PWM to current translator output. 
PWM to current translator output. 

TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 

TTL input for the PWM to current translator. This converter translates a signal's 
duty cycle to an analog voltage. 
No Connection. 

TTL direction input from the processor. Controls the polarity of the V/l converter 
output. 
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PIN DESCRIPTION (Continued) 

PIN# 

ML4404 NAME 



13 



VIOUT 



14 


R SENSEA 


15 


R SENSEB 


16 


RY 


17 


RX B 


18 


RX A 


19 


TRAJqut 


20 


DECEL 



21 ELATCHqut 

22 ANTICIPATE 



23 V CC 

24 GND 

25 EAMPqut 



26 EMEASqut 

27 V REF 



FUNCTION 



28 



EAMP| N 



The V/l converter output. This circuit block monitors the differential voltage 
across the sense resistors of an actuator driver (such as the ML4402) and con- 
verts it to a bidirectional current whose scale factor is set by two external resis- 
tors. This current can be used to compensate for a noise reducing low pass filter 
in the output of the velocity transducer so that there is no net phase shift in the 
velocity signal. 

A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 

A gain setting resistor is connected from this input to the sense resistor on the 
bridge driver. 

A resistor (RY) is connected from this pin to Vref- RY and RX set the second or- 
der term of the trajectory curve. 

A resistor (RX) is connected between RX A AND RXb to set the second order term 
in the trajectory curve. 

A resistor (RX) is connected between RX A and RXb to set the second order term 
in the trajectory curve. An additional resistor (RK3) can be connected from RX A 
to either the trajectory output (TRAJqut) or to Vref to set the third order term. 
The trajectory output. This voltage relative to Vref > s proportional to the desired 
velocity. A resistor and capacitor from this pin to TRAJin sets the first order term 
and the loop compensation. 

Decelerate mode TTL input from the servo controller (such as the ML4403). 
When low (during accelerate) the anticipate output becomes a voltage follower, 
the error measure output is a high impedance, and the error sign is latched. 
When high (during deceleration) anticipate goes to high impedance, error mea- 
sure integrates the velocity error, and the error sign latch is transparent. 
The latched sign of the access loop error during deceleration. This TTL output 
can be used by the processor to adjust the velocity transducer gain to match that 
required by the mechanical system. 

Modifies the trajectory curve during acceleration and the accelerate to deceler- 
ate transition. This accounts for the time delay error caused by the actuator in- 
ductance. 

+12 V power supply. 
Ground. 

Error amplifier output. The positive trajectory output (desired velocity) is 
summed with the negative velocity input (actual velocity) to form a difference 
output. The velocity input comes from the servo controller (such as the 
ML4403). 

Error measure output. This output averages the value of the access loop error 
during deceleration. 

The analog zero reference point. This pin is intended to be driven with the 
ML4401 Vref output. The ML4404 has an internal 5 V reference connected 
through a current limiting resistor to this pin so that standalone operation/ 
evaluation is available. 

Error amplifier input. The INPUT summing node for the trajectory and velocity 
signals. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not implied. 
(All voltages referenced to CND.) 

Power Supply Voltage, Vcc 14 V 

Vrer Rsensea/ Rsenseb -0.3 to +7V 

TTL Inputs, I B ias/ ELA"nCH OUT -0.3 to +7V 

PWMqutv PWMqutb, PWMoutc - 0.3 to V cc +0.3 V 

Anticipate, V )OUT , EAMP OU t -0.3 to V cc +0.3 V 

EAMP, N , TRAJ, N -0.3toV cc +0.3V 

'sum V REF -1toV REF +1V 

TRAJout, RXa, RXb/ RX RY vos V REF -1to V cc +0.3V 

Storage Temperature Range -65°Cto +150°C 

Junction Temperature (Tj) +125°C 

Lead Temperature (Soldering, 10 sec) 260°C 



OPERATING CONDITIONS 

(See Figure 7) 

Temperature Range 0°C to 70°C 

Supply Voltage (V cc ) 12V±10% 

R SE t 6.2K 

RK1 110K 

RY 3K 

RYyos 3 K 

RX 6.8K 

RK3 12KtoV REF 

CCOMP 56pF 

CF1 0.0022jiF 

CF2 Open 

RF 10K 

Rload 20Kto V REF 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 to 13.2 V, Vref - 5 V, TA - to 70°C, 
Rfilt - 10 K, RY - RYvos - 3 K, RK1 - 100 K, RX - 6.8 K, R SE t - 6.2 K and RK3 - 12 K to V REF unless otherwise specified. (See Note 1.) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


DC CHARACTERISTICS 


Ice | Power Supply Current 






23 


35 


mA 


DIGITAL INPUT/OUTPUT CHARACTERISTICS 


(Inputs PWM, NA , B, C, MSB, LSB, DIR) 


V, H 


Logic High Voltage 




2.0 






V 


llH 


Logic High Current 


V| H -2.4V 


-40 


10 


40 


ma 


V.L 


Logic Low Voltage 








0.8 


V 


IlL 


Logic Low Current 


V, L «0.4V 


-40 


1 


40 


ma 


Inputs (DECEL) 


V,H 


Logic High Voltage 




2.0 






V 


llH 


Logic High Current 


V IH «2.4V 


-250 


5 


40 


ma 


V, L 


Logic Low Voltage 








0.8 


V 


IlL 


Logic Low Current 


V, L «0.4V 


-1600 


-850 





ma 


Outputs (ELATCHqut) 


Vol 


Output Low Voltage 


loL-1-6mA 





0.3 


0.4 


V 


Voh 


Output High Voltage 


R L -5KtoV REF 


2.4 


5.0 


5.5 


V 


Trajectory Amplifier (See Note 3) 


Ib 


Input Bias Current 







7 


20 


nA 


A V 


Open Loop Gain 






75 k 




V/V 


BW 


Unity Gain Bandwidth 






1 




MHz 


PHIM 


Phase Margin 






75 




DEG 


Velocity Error Amplifier 


Vos 


Input Offset Voltage 




-10 




10 


mV 


>b 


Input Bias Current 







50 


300 


nA 


A v 


Open Loop Gain 






120 k 




V/V 


'source 


Source Current 




4 


8 




mA 


'sink 


Sink Current 




1 


2 




mA 


BW 


Unity Gain Bandwidth 






1 




MHz 


PHIM 


Phase Margin 






75 




DEG 


V UT 


Output Voltage Range 




0.5 




V cc -3 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Vcc = 10.8 to 13.2V, Vref = 5V, 
T A = to 70°C, Rfilt - 10K, RY = RY VO s - 3K, RK1 = 100K, RX = 6.8K, R SE t = 6.2K and RK3 = 12K to V REF 
unless otherwise specified. (See Note 1) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 
NOTE 2 


MAX 


UNITS 


Biasing 


Vis 


l SET Voltage 




2.00 


2.02 


2.06 


V 


PWM to Current Translators 




'charge/Iset/ 'dis/'set 


PWMqut = 5.0V 




0.98 




mA/mA 




'charge^ dis 


PWM OUT = 5.0V 


0.910 


0.99 


1.10 


mA/mA 


V OUT 


Output Voltage Range 




1.5 




9 


V 


Transconductance Amps 


Vos 


Input Offset Voltage 




-10 




10 


mV 


gm 


Transconductance 






1700 




//Mhos 


•OUTMAX 


Max Output Current 






90 




M 


Ib 


Input Bias Current 






4.5 




jiA 


Latch / Comparator 


>b 


Input Bias Current 







2 


10 


M 


Vos 


Input Offset Voltage 


Vtrajout @ 5V 


-10 




10 


mV 


A v 


Open Loop Gain 






15k 




v/v 


t P d 


Propagation Delay 


C L = 10pF, R L = 2K to V REF 




60 




ns 


V/l Amp 


los/'sENSE 
*100 


Sense Current Offset 


•sensea ■ Isenseb 
0.1mA < Isense < 1 m A 
V,out - 5V 


-2 





2 


% 


V SMAX 


Max R SENSE Voltage 




0.5 


0.64 




V 


V OUT 


Output Range 




1.8 




9 


V 


Trajectory DAC 


Imsb/Iset 


MSB Current 






0.98 




mA/mA 


•msb/Ilsb 


MSB to LSB Ratio 




7.8 


8.00 


8.5 


mA/mA 


Trajectory M 


jltiplier (Note 4) 












Vos 


Vout - Vref at Origin 


Vout at I SU m = 


-5 




5 


mV 




V TRACK1 : V TRACK32 


(Vqut at I L sb/32)/(V OU t at l LSB ) 


0.090 




0.140 


mV/mV 




V TRACK2 : V TRACK32 


(Vqut at I L sb/16)/(V ut at Ilsb) 


0.165 




0.205 


mV/mV 




V TRACK4 : V TRACK32 


(Vqut at I L sb/8)/(V ut at I^b) 


0.270 




0.320 


mV/mV 




V TRACK8 : V TRACK32 


(Vout at Ilsb'Wout at l LSB ) 


0.430 




0.470 


mV/mV 




V TRACK16 : V TRACK32 


(Vout at I L sb/2)/(V ut at I^b) 


0.660 




0.695 


mV/mV 


Vlsb 


V TRACK32 


v out at Isum = Ilsb 


0.935 




1.035 


V 


Vcross 


Crossover Error 


(Vout at I SU m = Ilsb) - 
(Vout at I S um = Imsb /8 ) 


-25 




+10 


mV 




V TRACK32 : V TRACK256 


(Vout at I M sb/8)/(V ut at l MSB ) 


0.305 




0.325 


mV/mV 




V TRACK64 : V TRACK256 


(Vout at I M sb/4)/(V OU t at I M sb) 


0.450 




0.470 


mV/mV 




V TRACK128 : VtracK256 


(Vout at I M sb/2)/(V OU t at I MS b) 


0.670 




0.685 


mV/mV 




V TRACK192 : VjRACK256 


(Vout at I M sb*3/4)/(V OU t at I M sb) 


0.840 




0.860 


mV/mV 


v msb 


V TRACK256 


Vout at Isum = 'msb 
(Full Scale + 1) 


3.070 




3.225 


V 


PSRR 


Supply Rejection 


at Origin 
at Full Scale 




0.2 

2 




mV/V 
mV/V 



Note 1: 0°C to +70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

by correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25°C. 
Note 3: Minimum recommended load resistor is 10kQ from the trajectory output to V REF . 
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FUNCTIONAL DESCRIPTION 

Power Supply and Reference Requirements 

The ML4404 operates from a single 12V power supply. 
In addition, a 5.0V reference is required at pin Vref 
which is available from the ML4401, ML4431. Vref 
serves as a system reference or "analog ground". 

Biasing 

All of the critical internal biasing on the ML4404 is set 
as a function of an external resistor, Rset- An internal 
feed-back loop forces the voltage on I$et (P m 3) to be 
2.0V. Rset is connected from this pin to Vref (5.0V) and 
the resulting current is used in the multiplier and duty 
cycle-to-current translators. 

Ibias = (Vref-2)/Rset=3V/R S et 
The nominal value of I B ias should be between 0.25 and 
0.50 mA. 

Trajectory Multiplier/ Amplifier 

The Trajectory Multiplier/Amplifier generates the optimal 
velocity output from the position -to-go input. The optimal 
velocity is the TRAJqut voltage relative to V RE p The input 
position is set by the duty cycle of the MSB and LSB-inputs. 

During an access operation, the actuator is first driven to 
maximum acceleration, and then into braking or decelera- 
tion. To minimize access times the trajectory curve (velocity 
vs position) during deceleration must be accurately con- 
trolled so that the head stops exactly on the desired track 
(without overshooting or undershooting). The head is driven 
to maximum acceleration until this braking curve is reached. 
Then the velocity is controlled to follow this optimal trajec- 
tory during deceleration. 

According to the theory for a second order system, time 
optimal access is achieved if the position is proportional to 
the square of velocity (P= KV 2 , or V = KP 1 /2). However, in the 
real system environment, this theory needs modification in 
two important areas. First, as shown in Figure 1, the slope of 
the trajectory at the origin (final position) is infinite for a pure 
square root function. This infinite slope would result in an 
infinite bandwidth servo loop. As a result, a first order linear 
term needs to be included which will reduce the slope of this 
curve near the origin. Second, at large velocity, the square 
root function is not quite optimal, due to non-zero actuator 
inductance. A higher order term to modify the curve in this 
region needs to be included. 

This trajectory curve, with its first, second, and third order 
terms is implemented with a multiplier in the feedback loop 
of an opamp (see Figure 2). The position input is a current 
which is a fraction of I B iaS/ as discussed in the trajectory DAC 
section below. The first order term is implemented with a 
feedback resistor (RK1) directly in the feedback path of the op 
amp. This transfer function of this l/V converter is expressed 
D Y Vout = ^1 * ' IN * ^ ne secon d order term comes from the 
multiplier. 



i|N = (V UT 2 /(2.25l B ,AS*RX> 
With both terms together, 

,., - V OUT , VOUT 2 



RY)) 



The first order term dominates near the origin, and the sec- 
ond order term dominates, at higher velocities. 
The multiplier is modified by the addition of a resistor (RK3) 
which results in the third order term. This resistor is con- 
nected from RXA (pin 18) to either TRAJqut or Vref- As 
shown in Figure 3, the shape of the trajectory curve for large 
velocities can be adjusted in either direction from nominal, 
depending on which pins RK3 is connected between. It 
should be noted that the above equations are only approxi- 
mate. The actual multiplier transfer function is not a pure 
second order function, even with RK3 unconnected. The 
multiplier is designed to approximate the required trajectory 
for most typical servo systems. For most applications, very 
little correction with RK3 will be required. On the ML4404, 
an additional resistor (RY V os) equal to RY can be included 
which nulls the offset of the curve near the origin. 

Since the resistors R S et/ RK1, RX, RY, RK3, and RY V os are all 
external, any desired trajectory can be set. The constraints on 
these values are as of follows: 

Voutmax<1-5 * RX * Ibias 

VourMAX>1-5 * RY * I B ias 

Voutmax<3.5V 

6k<R S ET<12kforV REF = 5V 

R RLT <RK1/10 

RfILT * C F |LT2<RK1 * CcOMP 

RLOAD>10ktoV REF 

Vqutmax is the maximum trajectory output voltage (relative 
to Vref). 

Trajectory DAC 

The trajectory DAC creates, a position input for the trajectory 
multiplier. The position input is controlled by the duty cycle 
of the TTL inputs MSB and LSB. For most applications the 
position information will be digitally encoded to 8-bit 
resolution — each code representing one track. Therefore, the 
full scale input of the trajectory curve is 255 tracks. The input 
current corresponding to this full scale is Ibias- 

Since the duty cycle of a single line is difficult to control to 
0.4% (1/256), the duty cycle to input current translator sec- 
tion is divided into 2 signals (MSB and LSB). As shown in 
Figure 4, the ratio between these two currents is 8/1. The 5 
lower order bits of code are modulated into the LSB input, 
and the 3 higher order bits into the MSB input. For example, 
a position input of 32 tracks would correspond to the MSB 
line always inactive, and the LSB line always active. 256 
tracks would be MSB always active, and the LSB always 
inactive. 1 track would be MSB always inactive, and LSB 1/32 
of the period active. 

In general for an 8-bit binary code D7 D6 D5 D4 D3 D2 D1 
DO where D7 is the high order bit, the active duty cycle for 
the MSB input is D7 D6 D5/8 and the active duty cycle for 
the LSB input is D4 D3 D2 D1 DO /32. For example 10100011 
(163 tracks) would be active 5/8 of a period on the MSB, and 
3/32 of a period on the LSB. 



RK1 



2.25 Ibias * RX * RY 
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Figure 2. 
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Figure 3. 

AC Considerations— Trajectory Amp/Multiplier 

The AC response of the trajectory output is primarily con- 
trolled by the external components Cfilti/ Qilt2/ RfilT/ RK1, 
and Ccomp F° ur parameters must be considered to deter- 
mine the values of these components. 

First, the value of RK1 is set based on the bandwidth of the 
servo loop. RK1 sets the gain of the trajectory function at the 
origin. As the system bandwidth increases, more gain is re- 
quired near the origin, and the value of RK1 increases. 

Second, the exponential decay rate of the trajectory output 
during deceleration must be fast enough for the mechanical 
system to dominate the loop response. As the head ap- 
proaches the target track, the multiplier (2nd and 3rd order 
terms) becomes less significant, and the first order term domi- 
nates. In this region, the exponential decay is dominated by 
the RK1 * Ccomp product. This product should be set at a 
frequency which is a few times higher than that of the posi- 
tion loop bandwidth, so that the overall phase margin is not 
significantly degraded. 

Third, the filter components should be set such that the rip- 
ple from the trajectory DAC is minimized. Once the values 
for Ccomp anc * RK1 nave Deen set, then the values of the 
remaining components, Cfilti/ Qilt2/ anc ' ^FiLT/ can be de- 
termined. As the capacitance and resistance of these 
components increase the PWM ripple from the trajectory 
DAC is reduced. Due to the nonlinear nature of this circuit 
block, a mathematical analysis of the ripple is quite cumber- 
some, so the values of these components are best chosen 




LOGIC 
THRESHOLD 



Figure 4. 

empirically. The PWM ripple is dependent on Rfilt/ Qilti/ 
Cfilt2/ as we" as the duty cycle (50% duty cycle on the MSB 
will result in the largest ripple), and the frequency of modula- 
tion (the ripple is proportional to the square of the period). 

Fourth, the Rfilt-Qilt combination must be set such that the 
dynamic response of the trajectory output does not over- 
shoot during deceleration. Ideally, the RC combination 
should be set such that the system is critically damped to a 
maximum deceleration input. 

Note that a tradeoff exists between the ripple amplitude and 
the transient response. Too large a value of RfiltCfilt will 
cause an overshoot in the transient response, and a low rip- 
ple level. Too small a value will provide acceptable transient 
response, but a large ripple amplitude. A range of values 
exists for most applications which results in acceptable per- 
formance for both ripple and transient response. 

Anticipate 

The function of the anticipate block is to modify the trajec- 
tory curve during acceleration. This compensates for the 
actuator inductance delay during the accelerate-to- 
decelerate transition. 

At the start of a access operation, the actuator is driven into 
acceleration. The actuator velocity increases until either the 
maximum velocity is reached, or the trajectory deceleration 
curve is reached. As shown in Figure 5, if the trajectory curve 
is reached first, then the actuator needs to be driven into 
deceleration so that the trajectory curve can be followed. 
This accelerate-to-decelerate transition requires that the 
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1 

S+Wi 



DISTANCE TO GO - 

Figure 5. 

current in the actuator be reversed. Since this cannot happen 
instantaneously (due to actuator inductance), a phase shift 
results. The actuator will then overshoot the desired trajec- 
tory, and miss the target track. However, if the curve can be 
modified (see Figure 5) such that the accelerate-to-decelerate 
transition begins before the nominal trajectory is reached, 
this overshoot problem can be eliminated. This function is 
implemented with a switched transconductance amp. Dur- 
ing acceleration (DECEL input low), the anticipate output 
becomes a voltage follower-the anticipate signal is identical 
to the TRAJqut signal. An external resistor from anticipate to 
TRAJjn will modify the trajectory curve as required. During 
deceleration, the anticipate output becomes a high impe- 
dance and the normal trajectory curve is followed. 

In addition to the external resistor, an external capacitor to 
Vref sets the anticipate decay time constant equal to the 
current reversal time for the actuator. 

Velocity Error Amplifier 

The function of this block is to subtract the desired velocity 
(from the trajectory output) with the actual velocity (from the 
servo controller) to create a velocity error output. This error 
output is multiplexed through the servo controller into the 
servo driver during access mode (see ML4403, ML4413 data 
sheet). 

Since the polarity of the velocity input from the ML4403, 
ML4413 is the opposite of the trajectory output polarity, the 
difference function is accomplished with a summing ampli- 
fier, as shown in the application diagram. The summing resis- 
tors and the feedback resistor are external. 

V/l Amp— Velocity Filter 

The function of this block is to create a low noise velocity 
input. The velocity error amp requires that a clean, noise-free 
velocity input be compared with the desired velocity (from 
the trajectory output) to create a velocity error signal. 

One way to create this velocity signal is to differentiate posi- 
tion. However, the differentiated signal will be noisy, and this 
noise can excite the mechanical resonances in the system. 
Another way to create velocity is to integrate acceleration. 
This eliminates the noise problem, however, the integrator 
DC accuracy will be poor due to the drift. 

The ML4404 uses both of these techniques to achieve 
a low noise tachometer function which will operate at 
low frequencies noise from the mechanical resonances 
is attenuated by the RC filter. The filter output is then 
summed Vvith a current proportional to acceleration. 



ACCELERATION - 



VELOCITY 

V|N 

(FROM 

DIFFERENTIATOR) 



S+W 2 
T+Wi 



TO ERROR 
AMP SUMMING 
NODE 




Im = ACTUATOR MOTOR CURRENT 

Figure 6. 

The V/l amp creates this current by monitoring the 
sense resistors in the bridge driver. The resulting 
transfer function has both a pole and a zero, and can 
be expressed by: 

V OUT _ R*(M*RSB/(KF*KT*RSA))*S + 1 
V, N R*C*S + 1 

Where KT=The velocity transducer gain (from differentiator) 
KF = Motor force constant 
M - Total moving mass 

The above equation is a first order approximation which 
assumes that the, frictional components of the system (such 
as windage) are negligible. If the pole and zero are set to 
identical frequencies, then an all pass function is achieved. To 
do this, first, set the pole (W= 1/RC) at a frequency much 
lower than the mechanical resonances. Then set the scaling 
resistors, RSA, such that: 

RSA = M*RSB/(KF*KT*C) 
Note that setting a lower corner frequency results in 
increased dependence on the actuator current being an 
accurate representation of true acceleration. Some frictional 
terms and bias forces (such as flex cable force), as well as 
variations in KF, will distort this relationship. The lower limit 
on this corner frequency will be determined by these non 
ideal effects. 

Error Averaging 

The velocity error output should ideally be within a few milli- 
volts of Vref (near zero error) through the deceleration re- 
gion. However, due to manufacturing tolerances, this error 
will not be identical for each drive. The EMASout and ELAT- 
CHqut pins, allow this error to be nulled out for each indi- 
vidual system. 

During deceleration (DECEL input high) a transconductance 
amplifier is, switched on (see Block Diagram) and the velocity 
error output is integrated through an external capacitor. This 
average velocity error is then compared with V^p and sent to 
ELATCHqut OTL output). 
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During acceleration (DECEL input low) the amplifier is 
switched off (high impedance output) and the external ca- 
pacitor is discharged to V RE p through an external resistor. In 
this condition, the TTL output, ELATCHquT/ is held in its 
previous state. Since the velocity error during acceleration is 
not of interest, the ELATCHout during acceleration is the sign 
of the average velocity error output at the end of the previous 
deceleration cycle. 

The processor can modify the velocity transducer gain 
based on the state of the ELATCHout signal. During a 
power-up sequence, this transducer gain can be 
iteratively adjusted through several seek operations 
until the velocity error is minimized. As described 
below, one of the PWM to current translators on the 
ML4404 could be used to adjust this transducer gain. 

PWM To Current Translators 

The function of this block is to convert the duty cycle of a TTL 
input line to an analog output voltage. To optimize a complex 
servo control system, the manufacturing tolerances of some 
components must be accounted for. Traditionally, the manu- 
facturing process included an expensive sequence of mea- 
surement and adjustment to bring each individual unit within 
specification. A more cost effective solution is to perform 
these tasks through software control. 



The ML4404 implements this function with TTL to 
current translators. The external components Rpwm 
and Cpwm set the desired characteristics. The 
operation of these translators can be expressed by: 

VO = V REF +l B | AS * Rpwm * (2 * DUTY CYCLE/ 100-1) 
Thus for a 50% duty cycle, the output voltage equals the 
reference voltage. The output voltage increases linearly with 
the input duty cycle. 

The external capacitor (Cpwm) should be made sufficiently 
large to smooth out the PWM ripple. 

The ML4404 has two translators. These stand-alone 
converters can be used for any purpose, but their 
intended functions are: 

1. To set the AGC reference voltage on the ML4401, 
ML4431 servo demodulator. 

2. To offset the position loop null location for data 
recovery (compensator inputs on the ML4403, 
ML4413 servo controller). 

3. To offset the access arrival point for the trajectory 
('sum node on the ML4404). 



TRAJoUT EAMPin ANTICIPATE EAMPquT Vcc GND 



RXa 

RXb 
RY 

RYvos 
TRAJjN 

•sum 



MSB 
LSB 



«SET 



PWM, NA 
PWMinb 




Vref- 



VELOCITY 
.AMP 





-i—t 



Vref— 




LATCH Q 

G 



PWM 
DAC 



PWMOUTA 




5 VOLT 
REFERENCE 



Vref 

750Q| 



VTOI 
AMP 



EMEASoUT 

ELATCHout 

DECEL 



Vref 



RSENSEA RSENSEB DIR VIqUT 



Not available on the ML4404 
Not available on the ML4414 



Figure 7. Block Diagram of Trajectory Generator. 
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♦NOTE: THESE ARE TYPICAL VALUES ONLY AND MAY NOT BE OPTIMAL CHOICES. 
••NOTE: CIRCUIT DRAWN FOR ML4403CQ AND ML4404CQ VERSIONS. 
DIFFERENT PIN NUMBERS ARE USED ON OTHER VERSIONS. 



Figure 8. Connecting the ML4403 to the ML4404 Trajectory Generator and the ML4402 Servo Driver 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4404YCQ 


0°C to +70°C 


MOLDED PCC (Q28) 
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ML4406. ML4407 



Disk Voice Coil Servo Driver 



GENERAL DESCRIPTION 

The ML4406 is a voice coil power driver intended for 
use in Hard Disk servo systems. The ML4406 contains 
all power and control circuitry necessary to drive the 
voice coils of most 3.5" drives. In addition, power fail 
detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 A/V and 1/24 A/V respectively, using a 1fi sense 
resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive cicruit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop. 

The power fail detection circuit includes a precision 
2.5V bandgap reference with the option of either 



internally generated power-fail thresholds (ML4406) or 
open comparator inputs for adjustable thresholds 
(ML4407). 

The ML4406 is implemented using Micro Linear's 
bipolar array technology. This allows for easy customi- 
zation of the IC for a user's specific application. 

FEATURES 

■ 500mA power output with 1.5V total forward drop 

■ Low offsets, cross-over distortion and quiescent 
current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract 
current, voltage limiting, and separate supply pin 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 

■ Logic input available for disabling outputs 
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PIN CONFIGURATION 



ML4406/ML4407 
20-Pin PCC 



DISABLE 
JEXI 

l(RET) SET [ 4 

HIGH/LOW [ 5 

GND [ 6 

V(RET) [ 7 

R (SENSE) [ 8 



POWERFAIL 

I +5V 



2 1 20 19 



9 10 11 12 13 



] 5V COMP 
] 12V COMP 
] REF 

] CONTROL- 
] CONTROL+ 



PWR GND B | I PWR GND A 
OUTPUT+ I OUTPUT- 
PWR Vc 



PIN DESCRIPTION 



PIN NO. 


NAME 


FUNCTION 


PIN NO. 


NAME 


FUNCTION 


1 


RETRACT 


A logic "0" input causes the 
main outputs to tri-state and 


11 


PWR VC 


Power supply for bridge 
amplifier. 






the retraction circuit to 










activate. This input also 


12 


OUTPUT- 


Output terminal for bridge 






functions as a flag output and 






amplifier. 






will go low in the event of an 


13 


PWR GND A 


Ground Terminal for power 






over-temperature condition. 






amplifier. 


2 


+12V 


12V power to the circuit and 
input to the power fail 


14 


CONTROL+ 


Positive input for current 
command. 






detection circuit. 


15 


CONTROL- 


Negative input for current 


3 


DISABLE 


A logic "1" turns off the main 






command. 






outputs. 


16 


REF 


Reference input to the Power 


4 


l(RET) SET 


A resistor to ground sets the 
retract current. 






Fail comparator. Leave open to 
use internal 2.5V reference. 


5 


HIGH/LOW 


A logic "1" sets the trans- 
conductance gain to 1/4 while 
a logic "0" sets the gain to 
1/24. Transconductance gain is 
voltage across Rsense "=" tne 
input voltage. 


17 


12V COMP 


Input to the Power Fail 
Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 
to a resistor divider from 12V 
in the ML4406. 


6 


GND 


Analog Signal Ground. 


18 


5V COMP 


Input to the Power Fail 


7 


V(RET) 


Power supply for the retract 
circuit. 






Comparator. Connect to an 
external resistor divider for the 
ML4407. Internally connected 


8 


R(SENSE) 


Current sensing resistor 
terminal. 






to a resistor divider from 5V 
in the ML4406. 


9 


PWR GND B 


Ground Terminal for power 
amplifier. 


19 
20 


+5V 


5V power supply terminal. 




POWER FAIL 


Open collector output drives 
low if pin 17 or pin 18 are 


10 


OUTPUT+ 


Output terminal for bridge 










amplifier. 






below pin 16. Normally tied to 
pin 1. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 11, 13, 7 2) 14V 

Voltage Pins "19, 18, 17, 16, 1, 3, 5 -.3V to +7V 

Pins 14, 15 -.3 to +V C c 

Output Current ±750mA 

Retraction Current 80mA 

Retract Set Current (Pin 4) 3mA 

Junction Temperature 150*^ 

Storage Temperature Range -65°C to 150^C 

Lead Temperature (soldering 10 sec.) 260^ 

Thermal Resistance (0 jA ) eO^C/W 



OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

Supply Voltage (PWR VC, +12V) 12V ± 10% 

+5V(Pin 19) 5V + 10% 

V(RET) (Pin 7) 2.5V to 16V 

Control + Voltage Range (Pin 15 = 5V) 0V to V C c 

Control - Voltage Range -1V to V cc - 1 V 



Absolute maximum ratings are those values beyond which the device 
could be permanently damaged. Absolute maximum ratings are 
stress ratings only and functional device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = Operating Temperature Range, Vcc : 
CONTROL- (Pin 15) = 5V, R SE t (Pin 4) = 1.2KO. 



12V, Rsense = ia Rload - 150, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Amplifier 


Offset 








±10 


mA 


Gain 


Pin 5 = 2V 


238 


250 


263 


mA/V 




Pin 5 = 0.8V 


39.6 


41.7 


43.8 


mA/V 


Bandwidth 






100 




KHz 


Sinking Saturation 


Iqut = 100mA 






.6 


V 




'OUT = 300mA 






.8 






Iout = 500mA 






1.0 




Sourcing Saturation 


Iout = 100mA 






1.2 


V 




Iout = 300mA 






1.3 






Iout = 500mA 






1.5 




Retraction Circuit 


l(RET)SET 






.75 




V 


Turn On Time 






300 




ns 


Turn Off Time 






2 




ms 


l(RET) Current 


Pin 1 = 0.8V 


34 


50 


65 


mA 


Power Fail Detection Circuit 


Reference Voltage 




2.35 


2.50 


2.65 


V 


Reference Source Impedance 






2.25 




kO 


Comparator Bias Current 


ML4407 only, Pin 20 high 




50 


250 


nA 


Hysteresis Current 


Pin 20 low, ML4407 only 




10 




//A 


Offset Voltage 


ML4407 only 






10 


mV 


12V Threshold 
Hysteresis 


ML4406 only 
ML4406 only 


9.5 


10 
120 


10.5 


V 
mV 


5V Threshold 
Hysteresis 


ML4406 only 
ML4406 only 


4.40 


4.575 
30 


4.75 


V 
mV 


Logic Inputs 


Voltage High (V IH ) 




2 


1.4 




V 


Voltage Low (V )L ) 






1.4 


.8 


V 


Current High (l !H ) 


V, N - 5V 






±10 


//A 


Current Low (l )L ) 


V IN = 0V 


Except Pin 1 


-40 


-10 




M 




Pin 1 Only 


-250 


-160 




M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T^ = Operating Temperature Range, Vcc = 12V, Rsense : 
CONTROL- (Pin 15) = 5V, R SE t (Pin 4) = 1.2kQ. 



10, Rload - 150, 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX UNITS 



Current Consumption 












Pin 19 


•load " 




1 


2 


mA 


Pin 7 


Iret - 




1 


2 


mA 


Pin 2 + Pin 11 


■load = ° 




10 


15 


mA 



FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4406 power amplifier circuit is set up as a 
Howland current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 5 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the 
output voltage seen across Rsense- For example, at a 1/4 
gain setting with V- input at 2.5 and the V+ input at 4.5V, 
+500mA would flow through the coil using a 1Q sense 
resistor. Under the same conditions with pin 5 low, the 
current would be 83mA. The ability to change from low 
to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 



The output stage (Figure 2) is designed to provide 
minimal saturation losses and employs a "composite 
PNP" for the sourcing drive and a saturable NPN to sink 
current. Sourcing saturation drop is typically .9V while 
sinking saturation drop is typically < 0.4V. 
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|l4] WV- 

CONTROL- 

\TE\ wv- 




-[n]H + i2 
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Figure 1. Power Amplifier Topology 
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Figure 2. Main Power Output Stage 
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Figure 3. Output Saturation Voltage vs. Output Current 
(Power V c - 12V) 
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Power Fail Detect 

The ML4406 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and an 
"or-f unction" comparator with hysteresis. The 10//A 
current sink on the comparator input lowers the 
comparator's positive input by 15mV when the output 
of the comparator is high. This creates an effective 
hysteresis of 30mV at the 5V input (on the ML4406). 
The amount of hysteresis and threshold levels can be 
programmed by external resistor dividers on the 
ML4407. The impedance of the external divider sets the 
amount of hysteresis while the division ratio sets the 
power fail threshold. The output at pin 20 is open- 
collector and is normally tied to pin 1 which is 
internally pulled-up to 5V. 

Retract 

The retract circuit features a current sink which is 
programmed via external resistor from pin 4 to ground 
(Rret)- The output of the retract circuit is voltage 
limited to 1.4V. The current sink provides an 
acceleration limit during retract while the voltage 
limited source provides a velocity limit. Pin 1 (Retract 
Input) also serves as a flag to indicate an over- 
temperature condition on the die. Pin 1 goes low in 
the event of over-temperature, which occurs when the 
die temperature exceeds a safe operating limit (about 
160°C). 

The retraction current is set by programming Rrej 
(figure 4). The retract circuit works down to 3V on 
Vretract (Pin 7). 

Compensation 

Figure 6 shows the equivalent AC circuit for the 
transconductance amplifier. 

The amplifier's current bandwidth is limited by Cqut 
which varies with the value chosen for Rsense 



Cqut : 



25nF 



R SENSE 

With no snubber (RS and CS) the bandwidth is limited 



to 



F_. 



3dB - 



2tt V I 



2.414 



2tt V MM) C(OUT) 



Since this is a second order system with L(M) and 
C(OUT) forming a resonant circuit, some damping is 
desirable to reduce ringing in the step response. This 
is accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition is 
met: 



R(S) 



-vi 



L(VCM) 
C(OUT) 



For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of 
R(S) will result in more ringing and more bandwidth. 
Smaller values of R(S) will result in more ringing and 
less bandwidth. R(S) should not exceed 300ft. 




1k 10k 

Rset (n) 
Figure 4. Retract Current vs. Rset 
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Figure 5. Total Harmonic distortion vs Frequency 
Low Gain Setting (V PIN 5 = 0), fcj ENSE = 10, V, N « 2.4V P . P 
High Gain Setting (V PIN 5 = 0), I^ense - 10, V, N « 0.4V P _ P 
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Figure 6. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

C(S) (snubber capacitor) values of between 200nF and 
1//F are usually necessary to achieve the desired 
reduction of ringing in the step response. At the 
optimum value of R(S) larger values of C(S) further 
reduce the ringing but do not affect the bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 6 with a computer 
simulator (such as SPICE). 
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APPLICATIONS 
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Figure 7. Typical Application: ML4406 used with ML2341 8-bit DAG provides up to 12-bit effective resolution 



ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4406CQ 
ML4407CQ 


0°C to +70°C 
0°C to +70°C 


MOLDED PCC (Q20) 
MOLDED PCC (Q20) 
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Low Voltage Drop Voice Coil Servo Driver 



GENERAL DESCRIPTION 

The ML4408 is a voice coil power driver intended for 
use in High Performance 12V Hard Disk servo systems. 
The ML4408 contains all control circuitry necessary to 
drive the voice coils of most small drives. To maximize 
compliance voltage, the ML4408 includes two 1-Amp 
NPN drivers and provides drivers for external PNP 
transistors. In addition, power fail detection and a low 
voltage head retraction functions are provided for 
orderly shut-down of the drive. 

The transconductance is programmed by a logic input 
at 1/4 A/V and 1/24 A/V respectively, when using a 10 
sense resistor. This allows for greater DAC resolution in 
digitally controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. 
Retract is self-contained for 12V systems but allows the 
use of an external PNP retraction with as little as 1V of 
back EMF from the spindle. 



The power fail detection circuit includes a precision 
1.5V bandgap reference and a power fail comparator. 

The ML4408 is implemented using Micro Linear's 
bipolar array technology. This allows for customization 
of the IC for a user's specific application. 

FEATURES 

■ Low saturation voltage «1V at 1A) 

■ No cross-over distortion with low quiescent 
current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract 
voltage and separate power pin 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 
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PIN CONFIGURATION 



ML4408 
24-Pin SOIC 



VccCX 


1 


24 m 12V SENSE 


DISABLE (PWR DOWN) d 


2 


23 


XI RETRACT 


HIGH/LT5W CE 


3 


22 


"Tl POWER FAIL 


RETR OUT CL 


4 


21 


X] +5V 


RET SET nZ 


5 


20 


XI 5V SENSE 


GND CC 


6 


19 


XI COMP 2 


R(SENSE) QI 


7 


18 


XI COMP 1 


V(RET) LX 


8 


17 


Tl CONTROL- 


SOURCE B IX 


9 


16 


33 CONTROL+ 


PWR GND B LX 


10 


15 


X] PWR GND A 


SINK B LX 


11 


14 


XI SINK A 


SOURCE A LX 


12 


13 


X] SINK A REF 



PIN DESCRIPTION 



PIN # 



NAME 



FUNCTION 



1 V CC 

2 DISABLE 
(PWR DOWN) 

3 HIGH/LOW 



RETR OUT 



11 



RET SET 

GND 

R(SENSE) 

V(RET) 

SOURCE B 



10 PWR GND B 



SINK B 



Supply input to power amplifiers. 

A Logic "1" puts the IC into a low 
power state and disables the 
power amplifiers. 

A logic "1" sets the 
transconductance gain to 1/4 
while a logic "0" sets the gain to 
1/24. Transconductance gain is the 

V RSENSE "*■ VCONTROL- 

Open collector output which pulls 
low during retract. Used to drive 
external power transistor to 
source retract current to the coil 
and can provide a braking signal 
to spindle. 

External set resistor to establish a 
voltage limit for the internal 
retract driver. 

Analog signal ground. 

Current sense resistor terminal. 

Supply pin for retract circuits. 

PNP Base drive output for 
inverting power amplifier. 

Power return pin for inverting 
power amplifier. Normally used for 
current sensing. 

Current sinking output for 
inverting power amplifier. 
Connects to voice coil (-) terminal. 



PIN tt 



NAME 



FUNCTION 



12 SOURCE A 

13 SINK A REF 

14 SINK A 

15 PWR GND A 

16 CONTROL+ 

17 CONTROL- 

18 COMP 1 

19 COMP 2 

20 5V SENSE 

21 +5V 



22 POWER FAIL 



23 RETRACT 



24 12V SENSE 



PNP Base drive output for non- 
inverting power amplifier. 

Kelvin sensing point for power 
amplifier. Connect to SINK A. 

Current sinking output for non- 
inverting power amplifier. 
Connects to voice coil (+) terminal. 

Power return pin for non-inverting 
power amplifier. Normally used for 
current sensing. 

Positive input for current 
command. 

Negative input for current 
command. 

Pin for external compensation 
capacitor. 

Pin for external compensation 
capacitor. 

Center node of a resistor divider 
from +5V. 

Input for +5V for power fail 
detection and logic power supply. 

Open Collector output drives low 
for low voltage conditions. 

A logic "0" initiates retract. Also 
used as an open-collector over- 
temperature output flag. 

Input to the power fail 
comparator from a resistor divider 
from Vco 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 1, 8) 14V 

Voltage pins 2, 3, 23 -.3V to +7V 

pins 4, 7, 9, 11, 12, 13, 14, 16, 17, 22 -.3V to V cc 

Output Sink Current ±1A 

Retraction Current 80mA 

Retract Set Current (pin 5) 3mA 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec) 150°C 

Thermal Resistance (0 JA ) 60°C/W 



OPERATING CONDITIONS 

Temperature Range 0°C to +70°C 

Vcc Supply Voltage 

12V operation 10.8V to 13.2V 

+5V(pin 21) Supply Voltage 4.5V to 5.5V 

V(RET) (pin 8) Supply Voltage 

12V operation 2.5V to 13.2V 

Control + Voltage Range (pin 15 = 5V) 0V to V cc 

Control - Voltage Range 2V to V cc - 1.5V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T^ = Operating Temperature Range, Vcc : 
CONTROL- (pin 17) = V CC /2, C1 = 30pF, Q1, Q2 = MJE210, R SFr = 3.7KO. 



Operating Range, Rsense = 1^/ Rcoil = 15Q, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Amplifier 


Offset 








±10 


mA 


Cain 


Pin 5 = 2V 


238 


250 


263 


mA/V 




Pin 5 = 0.8V 


39.6 


41.7 


43.8 


mA/V 


Bandwidth 






100 




KHz 


Sinking Saturation 


'out * 100mA 




.3 




V 




•out = 300mA 




.4 




V 




Iqut - 500mA 




.5 




V 


Sourcing Saturation 


Iqut - 100mA 




.1 




V 




'out = 300mA 




.2 




V 




Iqut " 500mA 




.3 




V 


Source A/B Base Drive 




20 






mA 


Q1/Q2 Standby Current 


V P ,N 16 - 5V 




4 




mA 


Retraction Circuit 


l(RET) SET 






.75 




V 


Turn On Time 






800 




ns 


Turn Off Time 






8 




fJS 


Source Voltage 


V P ,N 23 ■ 0.8V, V PIN 8 = 3V, 
IpiM 7 = 50mA 


0.95 


1.2 


1.5 


V 


Sink Current 


V P ,N23 = 0.8V,V PIN8 = 1.2V, 
V PIN n = 0.5V 


36 


48 


60 


mA 


RETR OUT Vql 


Vpin 23 - 0.8V, l PIN4 = 1mA 




0.1 


0.4 


V 


Power Fail Detection Circuit 


12V Threshold 




9.5 


10 


10.5 


V 


Hysteresis — 12V Sense 






120 




mV 


5V Threshold 




4.40 


4.575 


4.75 


V 


Hysteresis — 5V Sense 






30 




mV 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T^ = Operating Temperature Range, Vcc = Operating Range, Rsense = 1^/ Rcoil = 15Q, 
CONTROL- (pin 17) = V cc/2 , C1 - 30pF, Q1, Q2 = MJE210, R SET = 3.7KQ. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Logic Inputs and Outputs 


Voltage High (V, H ) 




2 


1.4 




V 


Voltage Low (V !L ) 






1.4 


.8 


V 


Current High (l )H ) 


V, N = 5V 






±10 


M 


Current Low (l| L ) 


V| N = OV, except pin 23 


-40 


-10 




//A 




V, N = OV, pin 23 only 


-250 


-160 




//A 


Voltage Low (pins 22, 23) 


Iql -1mA 






.4 


V 


Over-lemperature Detection 


Tj Threshold 






160 




°C 


Hysteresis 






30 




°C 


Current Consumption 


Pin 21 


Pin 21 = 5.5V 




5 


7 


mA 


Pin 1 


V cc = 13.2V, V PIN 16 - Vcc/2 




5 


10 


mA 


Pin 8 


V PIN 8 = 13.2V, V PIN 23 - 5V 




3.5 


5 


mA 



FUNCTIONAL DESCRIPTION 



POWER AMPLIFIER 

The ML4408 power amplifier circuit (figure 1) is set up 
as a Howland Current source with a fixed gain of 1/4 
or 1/24 (set by driving pin 3 high or low respectively). 
This architecture yields minimal cross-over distortion 
while maintaining low output cross conduction 
currents. The gain figure refers to the ratio of input 
voltage to the output voltage seen across Rsense- For 
example, at a 1/4 gain setting, with V(-) input at 2.5V 
and the V(+) input at 4.5V, +500mA would flow through 
the coil using a 10 sense resistor. Under the same 
conditions with pin 3 low, the current would be 83mA. 
If lower input voltage swings and higher currents are 
desired, the overall transconductance gain may be 
increased by using a lower value of sense resistor, 
however offset current will increase proportionally. The 
ability to change from low to high gain allows more 
complete utilization of DAC resolution when in the 
track follow mode. 

The output stage is designed to provide minimal 
saturation losses and employs an external PNP transistor 
for the sourcing drive and an internal saturable NPN to 
sink current. Sinking saturation drop is typically under 
0.4V Sourcing saturation drop depends on the external 
transistors used. 

Care should be taken to avoid drawing substrate 
currents due to negative excursions on any pin of the 
ML4408. Schoktty diodes should be included on both 
sides of the VCM to prevent negative excursions from 
forward biasing the substrate diodes on the IC. 



COMP 1 COMP 2 

DD 

4.25K 




CONTROL 

D- 



Figure 1. Simplified Power Amplifier Schematic 
(High Gain Mode) 

Two areas should be considered to avoid high 
frequency oscillation in the output stage: 

1. Choose external PNP transistors with a F r of at least 
50MHz. 

2. An RC compensation network should be used to 
cancel the zero presented to the output by the L/R 
of the voice coil motor as shown in figure 2. 

COMPENSATION 

Figure 2 shows the equivalent AC circuit for the 
current amplifier. 
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-T-Cs 



H_f RS 



Figure 2. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by Cqut 
which varies with the value chosen for Rsense 



Cqut '■ 



120Qx(Ccomp + 12.8pF) 

R SENSE 



Where Ccomp is C1 between pins 18 and 19. With no 
snubber (R$ and C$) the bandwidth is limited to 



F-3dB 



"h\f' 



2.414 



MM) C(OUT) 



Since this is a second order system with L(M) and 
C(OUT) forming a resonant circuit, some damping is 
desirable to reduce ringing in the step response. This is 
accomplished with a resistive snubber. The optimum 
value of R(S) occurs when the following condition 
is met: 



R(S) 



-vi 



L(VCM) 

qouT) 



For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response- Larger values of 
R(S) will result in more ringing and more bandwidth. 
Smaller values of R(S) will result in more ringing and 
less bandwidth. C(S) (snubber capacitor) values of 
between 200nF and 1//F are usually necessary to 
achieve the desired reduction of ringing in the step 
response. At the optimum value of R(S) larger values of 
C(S) further reduce the ringing but do not affect the 
bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 2 with a computer 
simulator (such as SPICE). 

POWER FAIL DETECT CIRCUIT 

The ML4408 circuit consists of a precision trimmed 
reference, resistor dividers and an "or function" 
comparator with hysteresis. The output (open collector) 
of this circuit appears on pin 22. When either 
comparator input (pins 20 and 24) falls below the 1.5V 
reference, pin 22 pulls low. 

RETRACT CIRCUITS 

When pin 23 goes low, pin 4 will pull low. The internal 
NPN transistor will saturate, pulling SINK B (pin 11) low. 
This portion of the circuit will function with less than 
1V on V(RET). An internal voltage limited pull-up 
transistor is provided which sources current on pin 7 to 
the VCM. This circuit will operated reliably down to a 
V(RET) voltage of around 2.5V, making the ML4408 
retract circuit adequate for 12V systems where the 
spindle motor EMF provided is adequate. 



■O.OQs 2.001/ 



%4 RUN, 





Figure 3. Output Current V, N » 100 Hz Sine Wave, 1V P . P 
Low Gain Mode (V nN 3 = 0), R SE nse = 10 



Figure 4. Output Current Vin = 1 KHz Sine Wave, 
1V P _p Low Gain Mode (V P | N 3 = 0), Rsense - 10 
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Figure 5. Output Saturation Voltage vs Output Current 
(Q t = Q 2 = MJE210) 



Figure 6. Output Saturation Voltage vs 

Output Current with BSR31 

(Q! = Q 2 = BSR31) 
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Figure 7. Retract Source Voltage Limit 



Figure 8. Retract Sink Voltage vs Current 
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Figure 9. Typical 12V Application 
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Figure 10. ML4408 Used with ML2341 8-Bit CMC Provides up to 13-Bit Effective Resolution 
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Sensorless Spindle Motor Controller 



GENERAL DESCRIPTION 

The ML441 provides complete commutation for delta or 
wye wound Brushless DC (BLDC) motors without the 
need for signals from Hall Effect sensors. This IC senses 
the back EMF of the 3 motor windings (no neutral 
required) to determine the proper commutation phase 
angle using phase lock loop techniques. This technique 
will commutate virtually any 3-phase BLDC motor and is 
insensitive to PWM noise and motor snubbing. 

Included in the ML4410 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. The 
ML441 controls motor current with either a constant off- 
time PWM or linear current control driven by the 
microcontroller. Speed feedback for the micro is a stable 
digital frequency equal to the commutation frequency of 
the motor. All commutation is performed by the ML4410. 
Braking and Power Fail are also included in the ML4410. 

Two different start-up sequencing (minimum start-up time 
or minimum reverse rotation at start up) algorithms are 
supported by the ML441 0. Since the timing of the start-up 
sequencing is determined by the micro, the system can be 
optimized for a wide range of motors and inertial loads. 



The ML4410 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive power 
at low load currents. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque 
for Minimum "Spin-Up 7 ' Time for Spindle Motors 

■ Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller Interface for Optimized Start-Up 
Sequencing and Speed Control 

■ Power Fail Detect Circuit with Delayed Braking 

■ Drives External N-Channel FETs and PNP's or 
P-Channel FETs 
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PIN CONNECTION 



ML4410 
28-Pin PCC (Q28) 



PNP3 [ 5 

COTA £ 6 

OTA OUT £ 7 

OTA IN Q 8 

N1 [9 
N2 [10 
N3 fj 11 



§ i I 

5 g g 

n n n n 



1 28 27 26 



12 13 14 15 16 17 1 



u u u u u u u 

o '* 



25 3 Vcc 
24 H PH3 
23 J PH2 
22 3 PH1 
21 H l(RAMP) 
20 J RC 
19 D +5V 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



PIN# NAME 



FUNCTION 



1 CND Signal and Power Ground 

2 PNP1 Drives the external PNP transistor 

driving motor PH1. 

3 PNP2 Drives the external PNP transistor 

driving motor PH2. 

4 Vcc2 1 2V power and power for the 

braking fucntion. 

5 PNP3 Drives the external PNP power 

transistor driving motor PH3. 

6 Cqta Compensation capacitor for linear 

motor current amplifier loop. 

7 OTA OUT Output of motor current error 

amplifier, normally connected to OTA 
IN or to external MOSFET gate. 

8 OTA IN Driving voltage for N1 -N3. 

Normally tied to OTA OUT. 

9-11 N1, N2 N3 Drives the external N-channel 
MOSFETsforPH1,PH2, PH3 

1 2 l(SENSE) Motor current sense input. 

1 3 Cos Timing capacitor for fixed off-time 

PWM current control. 

1 4 Cvco Timing capacitor for VCO 

1 5 VCO OUT Open Collector Logic Output 

from VCO. 



16 RESET 



17 


PWR FAIL 


18 


ENABLE E/A 


19 


+5V 


20 


RC 


21 


l(RAMP) 


22 


PH1 


23 


PH2 


24 


PH3 


25 


Vcc 


26 


BRAKE 


27 


l(LIMIT) 


28 


l(CMD) 



Input which holds VCO off and sets 
the ML4410 to the RESET condition. 

A "0" output indicates 5V or 12V is 
under-voltage. 

A "1" logic input enables the error 
amplifier and closes the back-EMF 
feedback loop. 

5V power supply input. 

VCO loop filter components. 

Current into this pin sets the initial 
acceleration rate of the VCO during 
start-up. 

Motor Terminal 1 

Motor Terminal 2 

Motor Terminal 3 

1 2V power supply. Terminal which is 
sensed for power fail. 

A "0" activates the braking circuit. 

Sets the threshold for the PWM 
comparator. 

Current Command for Linear Current 
amplifier. 
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OPERATING CONDITIONS 

Temperature Range 0°C to =70°C 

V cc Voltage +1 2V (Pin 25) 1 2V ± 1 0% 

+5V(pin 19) 5V± 10% 

l(RAMP) Current (Pin 21) to 100uA 

Control Voltage Range (Pins 27, 28) 0V to 7V 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 4, 25) 14V 

Output Current (pins 2, 3, 5, 9,10,11) ±1 50mA 

Logic Inputs (pins 1 6, 1 7, 1 8, 26) -0.3 to 7V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) 150°C 

Thermal Resistance (6 JA ) 60°CAA/ 



ELECTRICAL CHARACTERISTICS 



Unless otherwise specified, T A = Operating Temperature Range, Vcc = Vcc2 = 
Cos = 0-02UT 


1 2V, RsENSE = 1 Q C TA = Cvc ° 


= 0.01u.F, 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 



Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 



Frequency vs. V>in 20 


1V<Vp| N20 <10V 




300 




HzA/ 


Frequency 


Vvco = 6V 


1450 


1800 


2150 


Hz 




Vvco = 0.5V 


70 


140 


210 


Hz 


Reset Voltage at Cyco 


Mode = 




125 


250 


mV 



Sampling Amplifier 



V RC 


ModeO 




125 


250 


mV 


'rc 


Mode 1 , Rramp = 39KQ 


70 


100 


130 


uA 




Mode 2A, Vp H2 = 4V 


13 


50 


70 


uA 




Mode 2A, V PH2 = 6V 


-15 


2 


+15 


JLlA 




Mode 2A, V PH2 = 8V 


-30 


-50 


-70 


uA 



Power Fail Detection Circuit 



Logic Inputs 



Motor Current Control Section 












l(SENSE) Gain 


VpiN27=5V,0V<Vp, N 28<2.5V 


4.5 


5 


5.5 


V/V 


One Shot Off Time 




12 


25 


33 


\xs 


l(CMD) Transconductance Gain 






0.19 




mmho 



12V Threshold 




9.1 


9.8 


10.5 


V 


Hysteresis 






150 




mV 


5V Threshold 




3.8 


4.25 


4.5 


V 


Hysteresis 






70 




mV 



Voltage High (V, H ) 




2 






V 


Voltage Low (V||_) 








0.8 


V 


Current High (Im) 


V, N = 2.7V 


-10 


1 


10 


uA 


Current Low (In_) 


V, N = 0.4V 


-500 


-350 


-200 


uA 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outputs l(CMD) = l(LIMIT) = 2.5V 


IpNP low 




50 


75 


100 


mA 


Ipnp h 'g h 


Off State 


-100 




100 


uV 


V N high 


V P ,N8 = 10V 


9.7 


10 


10.3 


V 


Vn low 






0.2 


0.7 


V 


A v PIN8toV N 


VpiN8 = 6V 


0.95 


1 


1.05 


v/v 


LOGIC low 


'out = 0.5mA 






0.4 


V 


LOGIC Iqut High 






5 




uA 


Supply Currents (N and PNP Outputs Open) 


5V Current 






2 


4 


mA 


Vcc Current 






38 


50 


mA 


Vcc2 Current 






4 


10 


mA 


Note 1 . For explanation of states, see Figure 5 and Table 1 . 



FUNCTIONAL DESCRIPTION 

The ML4410 provides closed-loop commutation for 
3-phase brushless motors. To accomplish this task, a VCO, 
integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML4410 is 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 



BACK-EMF SENSING AND COMMUTATOR 

The ML4410 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8K£l 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 
See ML441 data sheet for applications. 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 




Figure 1 . Back EMF Sensing Block Diagram. 
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Cm = 1.25x1(H 






7 



>..^ 



Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 

control voltage will be no higher than VCCmin - 1 V. The 
VCO maximum frequency will be: 

Fmax= 0.05 x POLES xRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fyco at Wco = 6V) is: 



KVCCXMIN) 



.2.42x10-6 



Cvco 
Assuming that the V V co(MAX) = 9.5V, then 



-vco : 



c vco : 



9.5x2.42x10-6 
Fmax 



460 



POLES x RPM 



HF 



Figure 4 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R,C1,andC2. 



3000 
2500 
2000 
1500 
1000 
500 
































0.01 jiF. 














0.02(jF 































VvCO (VOLTS) 



Figure 3. VCO Output Frequency vs. V V co (Pin 20) 



SAMPLED { 
PHASE 



$> 


0D>- 










Foul 


\s^ 










K V CO(HZ/V) 

Figure 4. Back EMF Phase Lock Loop Components. 

The impedance of the loop filter is 



Zrc(s) = 



1 (s + colead) 



Qs (s + co L ag) 
Where the lead and lag frequencies are set by: 

1 



©LEAD : 



©LAG 



RC 2 

■ Ct+C 2 
RCtC 2 



START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
''open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Step 1: The IC is held in reset (state R) with full power 
applied to the windings (see figure 6). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. 

Step 2: Reset is released, and a fixed current is input to 
pin 21 and appears as a current on pin 20, and will ramp 
the VCO input voltage, accelerating the motor at a fixed 
rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 18 high. 
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Table 1 Commutation, Braking and PLL States 






O! 


JTPUTS 






INPUT 


STATE 


N1 


N2 


N3 


P1 


P2 


P3 


SAMPLING 


RORO 


OFF 


ON 


OFF 


ON 


OFF 


ON 


N/A 


A 


OFF 


OFF 


ON 


ON 


OFF 


OFF 


PH2 


B 


OFF 


OFF 


ON 


OFF 


ON 


OFF 


PH1 


C 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


PH3 


D 


ON 


OFF 


OFF 


OFF 


OFF 


ON 


PH2 


E 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


PH1 


F 


OFF 


ON 


OFF 


ON 


OFF 


OFF 


PH3 



Table 1 . Commutation States. 



_r 




STATE f- 



Figure 5. Commutation Timing and Sequencing. 



CLOSED LOOP 




STEP 


PIN 
16 


PIN 
18 


PIN 
21 


l(LIMIT) 
l(CMD) 


1 








FIXED 


'max 


2 


1 





FIXED 


'max 


3 


1 


1 





'max 



Figure 6. Typical Start-up Sequence. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 



Table 2. Start-up Sequence. 
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ADJUSTING OPEN LOOP STEP RATE 

l RAMP should be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(VpiN 20) ramp rate is given by: 

dVyco - *RAMP 



dt 



Q+C 2 



IVCO = KVCO X VycO 
,4x10-6 



K VCO(MAX) ! 



Cvco 



then combining the 3 equations Iramp can De calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 



! RAMP < 



dFyco Cvcqx(C 1 + C 2 ) 



dt 



4x10-6 



The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor (such as head drag) during the open loop 
modes. 

The tolerance of the open loop step VCO acceleration 

f dF VCQ ) 

~jT depends on the tolerances of KycO/ 'ramp^ CI , 

C2, and Cvco- For more optimum spin up times, these 
variables can be digitally "calibrated" out by the 
microprocessor using the following procedure: 

1 . Reset the IC by holding pin 1 6 low for at least 5|lIs. 

2. Go into open loop step mode with no current on 
the motor and measure the difference between the 
first two complete VCO periods with the PWM 
signal at 50% duty cycle: 

ENABLE E/A = (see below) 
l(CMD) = 0V 
PWM OUT = 50% 



MicroP 

PWM OUT 



ML4410 



U vvv-Q 



9 — 9 



3. Compute a correction factor to adjust Iramp 
current by changing the PWM duty cycle from the 
Micro (D.C.) 



D.C(NEW) = 50%x 



AFyco(DESlRED) 
ArVco(MEASURED) 



4. Use new computed duty cycle for open loop 
stepping mode and proceed with a normal start-up 
sequence. 

If this auto calibration is used ENABLE E/A can be tied 
permanently high, eliminating a line from the Micro. 
Since there is offset associated with the Phase Detector 
Error Amp (E/A), more current than is being injected by 
Iramp m ^y be taken out of pin 20 if the offset is positive 
(into pin 20) if the error amp were enabled during the 
open loop stepping mode. In that case, Vyco would not 
rise and the motor would not step properly. The effect of 
E/A offset can also be canceled out by the auto calibration 
algorithm described above allowing the E/A to be 
permanently enabled. 

PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML4410 includes two 
current control loops — linear and PWM (figure 9). The 
linear control loop senses the motor current on the 
l(SENSE) terminal through Rsense- An internal current 
sense amplifier's (A2) output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate tied to OTA OUT. 
When operated in this mode, OTA IN is tied to 1 2V, and 
N1-N3 are saturated switches. This method produces the 
lowest current ripple at the expense of an extra MOSFET. 

The linear current control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between l(CMD) and l(SENSE). The transconductance gain 
of A2 is: 

g m =1.875x10-4*5 

The current loop is compensated by Cqta which forms a 
pole given by 



COp 



9.375x10-4 
Cqta 



This time constant should be fast enough so that the 
current loop settles in less than 1 0% of Tyco at tne 
highest motor speed to avoid torque ripple to V T h 
mismatch of the N-Channel MOSFETs, or use a separate 
MOSFET in series with N1-N3 with a lower time constant. 

The ML441 also includes a current mode constant off- 
time PWM circuit. When motor current builds to the 
threshold set on l(LIMIT) input (pin 27), a one-shot is fired 
whose timing is set by Cos- The current in the motor will 
be controlled by the lower of pin 27 and pin 28. 



Figure 7. Auto-Calibration of Open-Loop Step Rate. 
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The l(SENSE) input pin should be kept below 1 V. If 
l(SENSE) goes above 1 V, a bias current of about -300uA 
will flow out of pin 12 and the N outputs will be 
inhibited. Bringing l(SENSE) below .7V removes the bias 
current to its normal level. For this reason, the noise filter 
resistor on the l(SENSE) pin (1 KQ, on Figure 11) should be 
less than 1.5K&. 

The noise filter time constant should be less than 1|xs to 
avoid excessive phase shift in the l(SENSE) signal. 




OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with interna! 50KQ pull-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML441 sets the 
current to PNP1 , PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 28. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a on pin 26 activates the braking circuit. The 
brake circuit turns on PNP1 through PNP3 and turns off 
NPN1 and NPN3. 



0.01 0.02 0.03 0.04 0.05 

C(OS) 



Figure 8. 1(LIMIT) Output Off-Time vs. Cqs- 



C) 



VCC2 | VvV 

50K 




l(PNP) 



X 




o- 



V C C2 



H ^T^ h 



FROM COMMUTATION 
LOGIC 



r 



1 l(LIMIT) 



1 l(CMD) 




o- 



► TO 
MOTOR 



R(SENSE) 



rEI 



l(SENSE) 





ONE 
SHOT 




£ 

\-*~ vcc 



•^MIHl 

i 



Figure 9. Current Control, Output Drive and Braking Circuits. 
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APPLICATIONS 



+12VJ- 



lOpF 



TOVee 



-Mr 



VCC2 



;0.1 M F 1N5819 



100 qi 



470 
-A//V- 



I 



1000pF 



;-*<* 



Q4 



a 



i 



r:o.oinF 



100 

-AW- 



Q2 



Qf 



Q3 



10|iFI~ zjlO/lyF 



-8U-a 



D 



a 



470 Q6 



5 



P- 



4ir3imm 



-« l(COMMAND) 



T]MW W, 



< BRAKE 



2 E g a f 

>' E E 5 g i 
-0l]pnp3 - 



{£COTA 



r£ 



1 — |J[ OTA IN 

— LlNI 



U1 
ML4410 



Vcc 

PH3 

PH2p3j- 

PHI 22} 

l(RAMP) n 

RC M 



Sh-T 



O S > "* +5V n — i +5 



J a o £ s ffi £ z 

2* U U > ft< ft. uJ 
ll^j U3| ll4j [151 Ll6l Il7| Ujl 



0.2pFZ= -f- 

VccH 



0.1 \iF 
+5 [_J WSr 



iMFi: 



J- 



IOhF 
2.2K 



I // ENABLE ERROR AMP 

NN (FROM MICRO) 

> POWER FAIL TO MICRO 

« RESET (FROM MICRO) 

> VCO OUT 




Figure 1 1 . ML441 Typical Application. 
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ML4410 \\_±* 
PIN 17 //T ^ 




TOML4410 
PIN 18 



Figure 1 2. Analog Start-up Circuit. 



FROM 
ML4410» 1^ 




SYMBOL 


VALUE 


A1 


LM358 


Q1 


74HC14 


D1,D2 


1N4148 


R1 


1MQ 


R2 


1MQ 


R3 


100KQ 



SYMBOL 


VALUE 


R4 


100KQ 


R5 


50KC1 


R6 


50Kfli 


C1 


3.3^iF 


C2 


3.3^F 


C3 


0A7\iJF 



Figure 1 3. Analog Speed Control. 



Figure 11 shows a typical application of the ML4410 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, Figure 12 shows a simple 
"one-shot" start-up timing approach. 

Speed control can be accomplished either by: 

1 . Sensing the VCO OUT frequency with a 
Microcontroller and adjusting l(CMD) via an analog 
output from the Micro (PWM DAC). 

2. Using analog circuitry for speed control (Figure 13). 

OUTPUT STAGE HINTS 

Q1, Q2, and Q3 are MJE210 or equivalent. Q4, Q5, and 
Q6 are IRFU010 or equivalent. Base resistors (100Q) are 
included to reduce power dissipation in the IC during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation can 
be reduced by increasing the 470Q, gate resistors on 
Q4-Q6. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross-conduction is the condition where an N-FET 
and PNP in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see figure 14): 



1 . When transitioning from mode to mode A (see table 
1 ) or from braking to mode R, a PNP goes from on to 
off at the same time N goes from off to on in the same 
phase. If the PNP turns off slowly and N turns on 
quickly, cross-conduction may occur. This condition 
has been prevented inside the IC on later revisions of 
the ML4410. Consult your Micro Linear representative 
for date code information. On earlier revision parts, 
forcing the PNP to turn off more quickly than the NPN 
turns on will minimize the cross-conduction current. 

2. When the MOSFET (or PNP) in the same phase 
switches on gate current flows due to capacative 
coupling of current through the FET's drain to gate 
capacitance (or PNP's Miller Capacitance). This could 
cause the device that was off to be turned on. 

In Condition 2 above, the PNP is pulled up inside the 
ML4410 with a 50KQ resistor. If the current through C(CB) 
is greater than 0.7V + 50K when the N-FET turns on, the 
PNP could turn on simultaneously, causing cross- 
conduction. Adding R1 as shown in figure 14 eliminates 
this. The size of R1 will depend on the fall time of the 
phase voltage, and the size of the C(CB). 
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APPLICATIONS (Continued) 



Q- 



RG(N) 



RG(P) ^ 

-W\ f M»N 

C(DGp) ZZ ^ 



PNP 



C(DGn) ZZ 

□ wv — t lh 



Figure 1 4. Causes of Cross-conduction. 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be 
low enough to: 

Avoid turning on the N-Channel gate when the PNP 
turns on via the same mechanism outlined in condition 
2 above 

Not severely increase the switching losses in the N-FET 

In higher power applications, when large MOSFETs are 
used, the N-Output can be pulled below GND, causing 
the internal substrate diode (Dint) to conduct. The 
negative substrate current should be limited to less than 
2mA, which can be done by adding D1 as shown in figure 
14. D1 prevents the gate from going below 0.7V, limiting 
the substrate current to: 



VbE(PI) ~ V BE(Pint) 
RG(N) 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4410CQ 


0°C to +70°C 


28-Pin Molded PCC (Q28) 
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Sensorless Spindle Motor Controller 



GENERAL DESCRIPTION 

The 4411 provides complete commutation for delta or 
wye wound Brushless DC (BLDC) motors without the 
need for signals from Hall Effect Sensors. This IC senses 
the back EMF of the 3 motor windings (no neutral 
required) to determine the proper commutation phase 
angle using Phase Lock Loop techniques. This technique 
will commutate virtually any 3-phase BLDC motor and is 
insensitive to PWM noise and motor snubbing. The 
ML441 1 is architecturally similar to the ML441 but with 
improved braking and brown-out recovery circuitry. 

Included in the ML4411 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The 4411 controls motor current with either a constant 
off-time PWM or linear current control driven by the 
microcontroller. All commutation is performed by the 
ML4411 . Braking and Power Fail are also included in the 
ML4411. 

The timing of the start-up sequencing is determined by the 
micro, allowing the system to be optimized for a wide 
range of motors and inertial loads. 



The ML4411 modulates the gates of external N-Channel 
power MOSFETs to regulate the motor current. The IC 
drives P-Channel MOSFETs directly. 

The ML4411 A includes a comparator on the P3 output to 
prevent cross-conduction. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque 
for Minimum "Spin-Up" Time for Spindle Motors 

■ Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller Interface for Optimized Start-Up 
Sequencing and Speed Control 

■ Power Fail Detect Circuit with Delayed Braking 

■ Drives External N-Channel FETs and P-Channel FETs 

■ Back-EMF comparator detects motor rotation after 
power fail for fast re-lock after brownout 

■ Improved version of ML441 1 
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PIN CONFIGURATION 



ML4411 
28-Pin SOIC (S28W) 



GND \2 




28 


^ l(CMD) 


PlC 


2 


27 


3 l(LIMIT) 


P2C 


3 


26 


3 BRAKE 


VCC2 \2 


4 


25 


]] VCC 


P3 Q 


5 


24 


H PH 3 


COTA \Z 


6 


23 


^] PH2 


C(BRK) \2 




22 


H PH1 


DIS PWR \2 


8 


21 


] l(RAMP) 


N1 Q 


9 


20 


I]RC 


N2 \2 


10 


19 


~J +5V 


N3 Q 




18 


J ENABLE E/A 


l(SENSE) Q 


12 


17 


3 PWR FAIL 


CosC 


13 


16 


^ RESET 


Cvco C 


14 


15 


3 VCO/TACHOUT 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 


GND 


Signal and Power Ground 


2 


P1 


Drives the external P-channel 
transistor driving motor PH1 


3 


P2 


Drives the external P-channel 
transistor driving motor PH2 


4 


VCC2 


1 2V power and power for the 
braking function 


5 


P3 


Drives the external P-channel 
transistor driving motor PH3 


6 


C OTA 


Compensation capacitor for linear 
motor current amplifier loop 


7 


C(BRK) 


Capacitor which stores energy to 
charge N-channel MOSFETs for 
braking with power off. 


8 


DIS PWR 


A logic on this pin turns off the N 



and P outputs and causes the TACH 
comparator output to appear on TACH 
OUT 

9-11 N1 , N2 N3 Drives the external N-channel 
MOSFETsforPH1,PH2, PH3 

1 2 l(SENSE) Motor current sense input 

1 3 Cos Timing capacitor for fixed off-time 

PWM current control 

1 4 Cvco Timing capacitor for VCO 

15 VCO/TACH Logic Output from VCO or TACH 
OUT comparator 



PIN# NAME 



FUNCTION 



16 RESET 



17 PWR FAIL 



18 


ENABLE 


19 


+5V 


20 


RC 


21 


l(RAMP) 


22 


PH1 


23 


PH2 


24 


PH3 


25 


Vcc 


26 


BRAKE 


27 


l(LIMIT) 


28 


l(CMD) 



Input which holds VCO off and sets the 
IC to the RESET condition 

A "0" output indicates 5V or 1 2V is 
under- voltage. This is an open 
collector output with a 4.5KQ. pull-up 
to+5V 

A "1 " logic input enables the error 
amplifier and closes the back-EMF 
feedback loop 

5V power supply input 

VCO loop filter components 

Current into this pin sets the initial 
acceleration rate of the VCO during 
start-up 

Motor Terminal 1 

Motor Terminal 2 

Motor Terminal 3 

12V power supply. Terminal which is 
sensed for power fail 

A "0" activates the braking circuit 

Sets the threshold for the PWM 
comparator 

Current Command for Linear Current 
amplifier 
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ABSOLUTE MAXIMUM RATINGS 

Absoluts maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 4, 25) 14V 

Output Current (pins 2, 3, 5, 9,10,11) ±150mA 

Logic Inputs (pins 1 6, 1 7, 1 8, 25) -0.3 to 7V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) 150°C 

Thermal Resistance (G JA ) 60°CAA/ 



OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

VCC Voltage +1 2V (pin 25) 1 2V ± 1 0% 

+5V(pin19) 5V±10% 

l(RAMP) current (Pin 21) to 100liA 

I Control Voltage Range (pins 27, 28) OVto 7V 



ELECTRICAL CHARACTERISTICS 



Unless otherwise specified, Ta = Operating Temperature Range, V cc = Vcc2 = 
Cos = 0.02uT 


1 2V, RsENSE = 1 ^/ CoTA = CycO 


= 0.01uT, 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 



Oscillator (VCO) Section (V PIN16 = 5V) 



Frequency vs. Vp| N 2 o 


1V<Vp, N2 o<10V 




300 




HzA' 


Frequency 


Vvco = 6V 


1450 


1800 


2150 


Hz 




V VCO = 0.5V 


70 


140 


210 


Hz 


Reset Voltage at Cvco 


Mode = 




125 


250 


mV 



Sampling Amplifier (Note 1) 



V RC 


State R 




125 


250 


mV 


Irc 


Vpini8 = 0V,R ramp =39KQ 


70 


100 


130 


ma 




Vpini8 = 5V, State A, V PH 2 = 4V 


30 


50 


90 


MA 




Vpini8 = 5V, State A, V PH 2 = 6V 


-13 


2 


13 


uA 




Vpini8 = 5V, State A, V PH 2 = 8V 


-30 


-50 


-90 


MA 


Vp|N21 


RpiN2i = 39KQ to +5V 


1.0 


1.1 


1.20 


V 



Motor Current Control Section 



l(SENSE) Gain 


VpiN27=5V,0V<V P , N2 8<2.5V 


4.5 


5 


5.5 


\IN 


One Shot Off Time 




12 


25 


33 


Ms 


l(CMD) Transconductance Gain 






0.19 




mmho 


l(CMD), l(LIM) Bias Current 


V, N = 





-100 


-400 


nA 



Power Fail Detection Circuit 



12V Threshold 




9.1 


9.8 


10.5 


V 


Hysteresis 






150 




mV 


5V Threshold 




3.8 


4.25 


4.5 


V 


Hysteresis 






70 




mV 



Logic Inputs 



Voltage High (V| H ) 




2 






V 


Voltage Low (Vil) 








0.8 


V 


Current High (Im) 


V 1N = 2.7V 


-10 


1 


10 


uA 


Current Low (l||_) 


V, N = 0.4V 


-500 


-350 


-200 


MA 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Braking Circuit (Vp )N17 = OV) 


Brake Active Threshold 




0.8 


1.2 


1.6 


V 


PIN 26 Bias Current 


V P |N26 = OV 




0.3 


1 


uA 


N-Channel Leakage 


Vcc. V CC 2 = ov 
V P |N17 = 0V / V N = 4V 





0.06 


10 


nA 


C(BRK) Current 


Vcc V CC2 = OV, V PIN26 = 3V 
V P ,N7 = 6V 




20 


85 


^A 


Outputs (l C MD = Ilimit = 2.5V) 


lp Low 


Vp = 0.8V 


5 


7 


19.5 


mA 




V P = 0.4V 


2 


4 




mA 


VpHigh 


l P = -10uA 


V C c - 0.4 






V 


P3 Comparator Threshold 




VCC2-1-6 




V C C2-0.8 


V 


V N High 


V P |N12 = 0V 


V CC2 -3.2 


10 


V C c ~ 1 -2 


V 


Vn Low 


In = 1mA 




0.2 


0.7 


V 


LOGIC Low (Vql) 


Iout = 0.4mA 






0.5 


V 


VCO/TACH V OH 


l O uT = -100^iA 


2.4 






V 


POWER FAIL Vqh 


I O ut = -10uA 


Vp|N19-0- 2v, p|N19-0.1 


VpiN19 


V 


Supply Currents (N and P Outputs Open) 


5V Current 






3 


4 


mA 


Vcc Current 






38 


50 


mA 


Vcc2 Current 


ML441 1 




2 


3 


mA 


Vcc2 Current 


ML4411A 




2.6 


3.75 


mA 



Note 1. For explanation of states, see Figure 5 and Table 1 
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FUNCTIONAL DESCRIPTION 

The ML4411 provides closed-loop commutation for 
3-phase brushless motors. To accomplish this task, a VCO, 
integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The 1C also contains circuitry 
to control motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML4411 is 
designed to drive external power transistors (N-channel 
sinking transistors and PNP sourcing transistors) directly. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4411 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 



L 






7 



Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than VCCmin - 1 V. The 
VCO maximum frequency will be: 

Fmax = 0.05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 




/ 



ROTATION 
SENSE 



NEUTRAL 
SIMULATOR 



3>A + <£>B + PC 
6 



l(RC) = 



Va-Vb 



SIGN 
CHANGER 




(T) KPIN21) 



GO 



COMMUTATION 
LOGIC 



D 
D- 



VCO /TACH OUT 




FIGURE 1. BACK EMKF sensing block diagram 
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The minimum VCO gain derived from the specification 
table (using the minimum Fvco at Vyco = 6V) is: 



KvcCKMlN) = 



2.42x10-6 



c vco 
Assuming that the Vyco(MAX) = 9.5V, then 

.9.5x2.42x10-6 



Cvco : 



Cvco : 



F MAX 



460 



POLES xRPM 



HF 



(Hz) 

J KJ W 

1 i § 


























FREQUENCY 

9 © © < 






0.01 nF, 














0.02(lF 


































4 6 I 

VvCO (VOLTS) 



Figure 3. VCO Output Frequency vs. V V co (Pin 20) 

Figure 4 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R,C1, and C2. 

The impedance of the loop filter is 



Zrc(s) 



= 1 (s + coleap) 

Qs (S + G) LAG ) 




FOUT-^ 



K V CO(HZ/V) 

Figure 4. Back EMF Phase Lock Loop Components 

Where the lead and lag frequencies are set by: 

1 
RC 2 



G>LEAD : 
»LAG : 



RC|C 2 



START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Step 1 : The IC is held in reset (state R) with full power 
applied to the windings (see figure 6). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. 

Step 2: Reset is released, and a fixed current is input to 
pin 21 and appears as a current on pin 20, and will ramp 
the VCO input voltage, accelerating the motor at a fixed 
rate. 

Step 3: When the motor speed reaches about 100 RPM, 
the back EMF loop can be closed by pulling pin 1 8 high. 





RESET/ 


OPEN-LOOP 


CLOSED LOOP 


>• 


ALIGN 


(STEPPING) 






z 

UJ 

2f 


PI, P3, N2 ON 












§ 





^ 


^^** 







1 

l 




RESET 












ENABLE E/A 





Figure 6. Typical Start-up Sequence. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

For quick recovery following a momentary power failure, 
the following steps can be taken: 



STEP 


PIN 
16 


PIN 
18 


PIN 
21 


l(LIMIT) 
l(CMD) 


1 








FIXED 


•max 


2 


1 





FIXED 


•max 


3 


1 


1 





■max 



Table 2. Start-up Sequence. 



3^t» Micro Linear 



5-111 



ML4411/ML4411A 
















OUTPUTS 


INPUT 


STATE 


N1 


N2 


N3 


P1 


P2 


P3 


SAMPLING 


RORO 


OFF 


ON 


OFF 


ON 


OFF 


ON 


N/A 


A 


OFF 


OFF 


ON 


ON 


OFF 


OFF 


PH2 


B 


OFF 


OFF 


ON 


OFF 


ON 


OFF 


PH1 


C 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


PH3 


D 


ON 


OFF 


OFF 


OFF 


OFF 


ON 


PH2 


E 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


PH1 


F 


OFF 


ON 


OFF 


ON 


OFF 


OFF 


PH3 



Table 1 . Commutation States. 



■_r 




n 



Figure 5. Commutation Timing and Sequencing. 



Step 1a: The IC is held in reset (state R) with l(CMD) low 
and DIS PWR low. The Micro Processor monitors the 
VCO/TACH OUT pin to determine if a signal is present. If 
a signal is present, the frequency is determined (by 
measuring the period). If a signal is not present, proceed 
to the routine described above for starting a motor which 
is a rest. 

Step 2a: Release RESET and DIS PWR. Apply a current to 
pin 21 and monitor the VCO/TACH OUT pin for VCO 
frequency. 

Step 3a: When the VCO frequency approaches 6 X the 
motor frequency (or where the motor frequency has 
decelerated to by coasting during the time the VCO 
frequency was ramping up) the back EMF loop can be 
closed by pulling pin 18 high and motor current brought 
up with l(CMD) or l(LIMIT). 



ADJUSTING OPEN LOOP STEP RATE 

Iramp should be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(Vp| N 20) ramp rate is given by: 

dVyco .. 'ramp 
dt ~Q + C 2 



fvco = K vco x v vco 
4x10-6 



K VCO(MAX) : 



c vco 



then combining the 3 equations Iramp can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 

Iramp < d ^ oCvc Q X 1 ( ^ 1 6 +C2) 
dt 4x1 0- 6 
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The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor (such as head drag) during the open loop 
modes. 

The tolerance of the open loop step VCO acceleration 



~j7 depends on the tolerances of KycO/ IramP/ CI , 

C2, and Cyco For more optimum spin up times, these 
variables can be digitally "calibrated" out by the 
microprocessor using the following procedure: 

1 . Reset the IC by holding pin 1 6 low for at least 5u,s. 

2. Go into open loop step mode with no current on 
the motor and measure the difference between the 
first two complete VCO periods with the PWM 
signal at 50% duty cycle: 



ENABLE E/A = 
l(CMD) = 0V 
PWM OUT = 



(see below) 



50% 



PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML4411 includes two 
current control loops — linear and PWM (figure 9). The 
linear control loop senses the motor current on the 
l(SENSE) terminal through Rsense- An internal current 
sense amplifier's (A2) output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate tied to OTA OUT. 
When operated in this mode, OTA IN is tied to 1 2V, and 
N1-N3 are saturated switches. This method produces the 
lowest current ripple at the expense of an extra MOSFET. 

The linear current control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between l(CMD) and l(SENSE). The transconductance gain 
ofA2 is: 

g m =1.875x1(HU 

The current loop is compensated by Cqta which forms a 
pole given by 



MicroP 

PWM OUT 



U ^^v-[J 



9 — ? 



ML4411 



VCO/TACH OUT 



COp = 



Figure 7. Auto-Calibration of Open-Loop Step 
Rate. 

3. Compute a correction factor to adjust Iramp current 
by changing the PWM duty cycle from the 
Micro (D.C.) 



D.C.(NEW) = 50%x 



ArVco(PESIREP) 
AFvco(MEASURED) 



4. Use new computed duty cycle for open loop 
stepping mode and proceed with a normal start-up 
sequence. 

If this auto calibration is used ENABLE E/A can be tied 
permanently high, eliminating a line from the Micro. 
Since there is offset associated with the Phase Detector 
Error Amp (E/A), more current than is being injected by 
Iramp m ay be taken out of pin 20 if the offset is positive 
(into pin 20) if the error amp were enabled during the 
open loop stepping mode. In that case, Vyco would not 
rise and the motor would not step properly. The effect of 
E/A offset can also be canceled out by the auto calibration 
algorithm described above allowing the E/A to be 
permanently enabled. 



9.375x10-4 
Cqta 



This time constant should be fast enough so that the 
current loop settles in less than 1 0% of T V co at tne 
highest motor speed to avoid torque ripple to Vjh 
mismatch of the N-Channel MOSFETs. 

The l(SENSE) input pin should be kept below 1 V. If 
l(SENSE) goes above 1 V, a bias current of about -300|iA 
will flow out of pin 1 2 and the N outputs will be 
inhibited. Bringing l(SENSE) below 0.7V removes the bias 
current to its normal level. For this reason, the noise filter 
resistor on the l(SENSE) pin (1 KQ on Figure 10) should be 
less than 1.5KQ. 

The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETs turn 
on but small enough to avoid excessive phase shift in the 
l(SENSE) signal. 

OUTPUT DRIVERS 

The motor's source drivers (P1 thru P3) are open-collector 
NPN's with internal 16K£2 pull-up resistors. N3is inhibited 
until P3 is within 1 ,4V (typ) of V CC2 on the ML4411 A. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 



A V 



: 1.875x10-4 
sCqta 
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BRAKING 

As shown in figure 9, the braking circuit pulls the N- 
Channel MOSFET gates high when BRAKE falls below a 
1 .4V threshold. After a power failure, C(DLY) is discharged 
slowly through R(DLY) providing a delay for retract to 
occur before the braking circuit is activated. The N- 
Channel buffer (B1) tri-states when the BRAKE pin reaches 
2.1 V to ensure that no charge from C(BRK) is lost through 
the pull-down transistor in B1 . To brake the motor with 
external signals, first disable power by pulling pin 8 low, 
then pull pin 26 below 1 .4V using an open drain (or diode 
isolated) output. 

The bias current for the Braking circuits comes from 
VCC2. When the N-Channel MOSFETs turn on, no 
additional power is generated for VCC2 (motor back-EMF 
rectified through out the MOSFET body diodes). After 
VCC2 drops below 4V, Q2 turns off. Continued braking 
relies on the Cgs of the N-Channel MOSFETs to sustain 
the MOSFET gate enhancement voltage. 



50 
40 
30 
20 
10 
n 































































0.01 0.02 0.03 0.04 0.05 

C(OS) 

Figure 8. 1(LIMIT) Output Off-Time vs. Cos- 



POWER FAIL A6 

1 1 7 1— t— ^A — 1+5 VCC2 - 3V|- - 
4.5K u 





-«UVLO 



COMM. LOGIC 



PO 



I R(DLY) 



-0- 




E^ 



COMMUTATION 
LOGIC 

? 



PI ... P3 I 1 



-£ Q2 



UVLO»- 



[^7 1 KLIMIT) 



1 l(CMD) 



^^TpENSE) 

I 




"LT 



Cbrk 



< 



Qi 



V-L 




A V = 5>— *■ 
<1 




hJ 



N ,35 '-^""b 
R(SENSE) ^ 



Cos 



UB-^ 



vcc 



Figure 9. Current Control, Output Drive and Braking Circuits. 
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APPLICATIONS 

Figure 1 shows a typical application of the ML4411 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, Fig. 11 shows a simple 
"one shot" start-up timing approach. 

Speed control can be accomplished either by: 

1 . Sensing the VCO OUT frequency with a 
Microcontroller and adjusting l(CMD) via an analog 
output form the Micro (PWM DAC). 

2. Using analog circuitry for speed control. (Fig. 1 2). 



OUTPUT STAGE HINTS 

In the circuit in Figure 10, Q1, Q2, and Q3 are IRFR9024 
or equivalent. Q4, Q5, and Q6 are IRFR024 or equivalent. 
New MOSFET packaging technology such as the Little 
Foot® series may decrease the PC board space. These 
packages, however have much lower thermal inertia and 
dissipation capabilities than the larger packages, and care 
should be taken not to exceed their rated current and 
junction temperature. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross-conduction is the condition where an N-FET 
and P-FET in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see figure 13): 



ioTLTo.1 



1N5819 

-Wr- 



510 

-A/W 



i 



100pF 



Q1 



Q4 




Q2 



rr^r: 



Q5 



H' 




510 Q6 



, 5K 5K 

+5 ^_VvVrWv— 



l(CMD) 
I(LIMIT) 



~m - 



BRAKE 
VCC 

PH3 

PH2 

PH1 

l(RAMP) 

RC 

+5V 

ENABLE E/A 



"l^l 



PWR FAIL 

RESET 

VCO/TACHOUT 



« l(COMMAND) 



0.22 






IB 

Z33-H+5 
IB 



IB- 



UlSr-i 



1! 




-« ENABLE ERROR AMP 

-« RESET (FROM MICRO) 

-^> POWER FAIL TO MICRO 

-^> VCOOUT 

-<< DISABLE POWER 



Figure 1 0. ML441 1 Typical Application 
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ML4411 \,\ 1^ 
PIN 17 // ~y^ 




TOML4411 
PIN 18 



Figure 11 . Analog Start-up Circuit 




A1 >4 „TOML4411 

PIN 28 



SYMBOL 


VALUE 


A1 


LM358 


IC1 


74HC14 


D1,D2 


IN4148 


R1 


1MQ 


R2 


1MQ 


R3 


100KQ 



SYMBOL 


VALUE 


R4 


100KQ 


R5 


50KQ 


R6 


50KQ 


C1 


3.3|iF 


C2 


3.3^F 


C3 


0.47nF 



Figure 12. Analog Speed Control 

1 . When transitioning from mode to mode A (see table 
1 ) P3 goes from on to off at the same time N3 goes 
from off to on. If the P3 turns off slowly and N3 turns 
on quickly, cross-conduction may occur. This condition 
has been prevented inside the IC on the ML4411A 
through the addition of comparator A6 on the P3 
output (Figure 9). This comparator may cause an 
oscillation when the N3 switches on due to the 
capacitive coupling effect described below pulling the 
P3 pin below VCC2-1 .4V. To avoid this, use the circuit 
in Figure 13. 

2. When the MOSFET in the same phase switches on gate 
current flows due to capacitive coupling of current 
through the MOSFET's drain to gate capacitance. This 
could cause the device that was off to be turned on. 




INHIBIT! N3 



Figure 1 3. Alternate cross-conduction prevention for 
ML4411A 

In Condition 2 above, the P-Channel MOSFET is pulled up 
inside the ML441 1 with a 1 6KQ resistor. If the current 
through C(CGp) is greater than Vjh + 1 6K when the 
N-FET turns on, the P-FET could turn on simultaneously, 
causing cross-conduction. Adding R1 as shown in Figure 
14 eliminates this. The size of R1 will depend on the fall 
time of the phase voltage, and the size of the C(DGp). D1 
may be needed for high power applications to limit the 
negative current pulled (through C(DGn)) out of the 
substrate diode in the ML4411 when P-FET turns off. 



D- 



RG(P) 
C(DGp) Ziz 



D- 



C(DGn) Zp 



M 



Figure 1 4. Causes of Cross-conduction 

Adding a series damping resistor to the N-FET gate (RGn) 
will slow the fall time. The damping resistor should be 
low enough to: 

Avoid turning on the N-Channel gate when the PNP 
turns on via the same mechanism outlined in condition 
2 above 

Not severely increase the switching losses in the N-FET 
UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors 
to drive the motor. The ML4411 will operate in unipolar 
mode (Figure 15) provided the following precautions are 
taken: 

1 . The IC supplies should not exceed 1 2V + 1 0%. 

2. The phase pins on the IC should not exceed the 
supply voltage. 
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Figure 15. ML4411 Unipolar Drive Application 



In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

Vo(MAX) = V SUPPLY (MAX) + V EMF (MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to Vsupply- This energy must be clamped, 
however, to avoid an over-voltage condition on the 
MOSFETs and other components. Typically, a V^lamp 
voltage is created to provide the clamping voltage. The 
inductive energy may either be dissipated (Figure 1 6) or 
alternately efficiently regenerated back to the system 
supply (Figure 1 7). 

The circuit in Figure 1 5 is designed to minimize the 
external components necessary, at some compromise to 
performance. The 3 resistors from the motor phase 
windings to the PH inputs work with the ML441 1 's 8KQ 
internal resistance to ground to divide the motor's 
phase voltage down, providing input signals that do not 
exceed 1 2V. 
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1000 T 0.1 T 
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This circuit uses analog speed regulation. The 1 Mui2 
resistor from Pin 20 to the speed regulation op amp 
provides the function of injecting current into the VCO 
loop filter for the open loop stepping phase of start-up 
operation. The "one shot" circuitry to time the reset is 
repl aced by a dio de and RC delay from the rising edge or 
the POWERFAIL signal. The error amplifier is left enabled 
continuously since at low speeds its current contribution 
is negligible. The current injected into the loop filter must 
be greater than the leakage current from the phase 
detector amplifier for the motor to start reliably. 



V(CLAMP) = +24V |— » r— *- 
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CYCLE '' 
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Figure 1 7. Non-Dissipative Clamping Technique 
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Figure 16. Dissipative Clamping Technique 
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HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding ML4411 voltage limitations as were outlined for 
Unipolar drive above should be followed. Figures 14-1 6 
provide several methods of translating the ML441 1 's P 
outputs to drive a higher voltage. 





Figure 19. High Voltage Translation using "Composite" 
PNP Power Transistor 



Figure 18. High Voltage Translation using PNP Power 
Transistor 




Figure 20. High Voltage Translation with NPN 
Darlington 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4411CS 


0°C to +70°C 


28-Pin SOIC (S28W) 
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ML441 2 



Enhanced Sensorless BLDC Motor Controller 



GENERAL DESCRIPTION 

The ML441 2 motor controller provides complete 
commutation for delta or wye wound Brushless DC 
(BLDC) motors without the need for signals from Hall 
Effect Sensors to indicate rotor position. It senses the back 
EMF of the motor windings (no neutral required) to 
determine the proper commutation phase sequence using 
PLL techniques. The ML4412 uses a patented Back-EMF 
sensing technique which will commutate virtually any 3- 
phase BLDC motor and is insensitive to PWM noise and 
motor snubbing circuitry. 

The ML441 2 controls the motor current with a constant 
off-time PWM or with a microprocessor controlled linear 
current. The velocity loop can be controlled with an 
external microprocessor or through an analog feedback 
loop. An accurate, jitter-free, VCO output is provided, 
equal to the commutation frequency of the motor. The 
ML441 2 modulates the gates of external N-channel power 
MOSFETs to regulate the motor current and directly 
drives the P-channel MOSFETs. The ML441 2 supports 
enhancements like a blanker circuit to prevent false 
retriggering of the one shot during a motor current spike 
and circuitry to ensure that there is no shoot through in 
any state. 



The start-up algorithm consists of measuring a fixed VCO 
frequency and externally ramping the commutation clock 
until it is equal to the VCO frequency. The timing of the 
start-up sequencing is determined by the microprocessor 
thus allowing the optimization for a wide range of motors 
and inertial loads. 

FEATURES 

■ Less than 200mW power dissipation 

■ Patented Back-EMF commutation technique provides 
jitterless torque for minimum "spin-up" time 

■ Linear or PWM motor current control 

■ Microprocessor based start-up algorithm allows for 
optimized start-up sequencing, speed control and 
support for variable motor loads 

■ Back-EMF comparator output senses motor rotation 
after power fail for fast re-lock after brownout 

■ Onboard power fail detect monitor 

■ Onboard motor braking circuit allows 'life' braking 
on command 

■ Drives external N-ch & P-ch FETs 

■ Enhanced version of the ML441 & ML441 1 
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D 



c VCO 



D 



VCO/ 
TACH/CMCLK 



D 1 



BACK-EMF 
SAMPLER 



LOGIC 

AND 

CONTROL 






GATE 
DRIVE 



LINEAR OR PWM 
CURRENT CONTROL 



POWER 

FAIL 
DETECT 



o- 



!0- 



Nl-3, , 



R(BRK) 



C(BRK) 



COS 



Cqta 



□ 
n 

□ 
□ 



POWER 
DRIVERS 




PATENTED 



3^ Micro Linear 



5-119 



ML4412 



PIN CONFIGURATION 



ML4412 
28-Pin SOiC (S28VV) 




17 XI RESET 

16 J2 VCO/TACH/CMCLK 
^CvcO 



TOP VIEW 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



PIN# NAME 



FUNCTION 



1 


l(SENSE) 


2 


P1 


3 


P2 


4 


P3 


5 


VCC 


6 


C(BRK) 


7 


R(BRK) 


8 


+5V 


9-11 


N1,N2N3 


12 


COTA 


13 


l(CMD) 


14 


VCC2 


15 


c vco 


16 


VCO/TACH/ 
CMCLK 



Motor current sense input 

Drives the external P-Channel 
transistor driving motor PH1 

Drives the external P-Channel 
transistor driving motor PH2 

Drives the external P-Channel 
transistor driving motor PH3 

12V power supply. Terminal which is 
sensed for power fail 

Capacitor which stores energy to 
charge N-Channel MOSFETs for 
braking with power off 

External resistor to C(BRK) to drive 
NMOS during braking 

5V power supply input 

Drives the external N-channel 
MOSFETs for PH1, PH2, PH3 

Compensation capacitor for linear 
motor current amplifier loop 

Current Command for Linear Current 
amplifier 

1 2V power and power for the braking 
function 

Timing capacitor for VCO 

Logic Output from VCO or TACH 
comparator, or serves as an input pin 
for the commutation clock used in 
start-up sequencing 



1 7 RESET Input which holds the VCO off and 

sets the IC to the RESET condition 
(refer table 1) 

1 8 PWR FAIL A "0" output indicates 5V or 1 2 V is 

under- voltage. This is an open 
collector output with a 4.5kH pull-up 
to+5V 



19 ENABLE E/A A "0" logic input enables the error 

amplifier and closes the Back-EMF 
feedback loop (refer table 1 ) 

20 RC VCO loop filter components 

21 l(LIMIT) Sets the threshold for the PWM 

comparator 

22 PH1 Motor Terminal 1 

23 PH2 Motor Terminal 2 

24 PH3 Motor Terminal 3 

25 BRAKE A "0" activates the braking circuit 

26 Cos Timing capacitor to GND and resistor 

to +5V, for fixed off-time PWM current 
control 

27 DIS PWR A logic on this pin turns off the N 

and P outputs and causes the TACH 
comparator output to appear on 
TACH OUT 

28 GND Signal and Power Ground 
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OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

VCC Voltage +1 2V (pin 1 4) 1 2V ± 1 0% 

+5V(pin8) 5V±10% 

I Control Voltage Range (pins 1 3, 21) 0V to 7V 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 5, 14) 14V 

Output Current (pins 2, 3, 4, 9,10,11) ±150mA 

Logic Inputs (pins 1 4, 1 7, 1 8, 25) -0.3 to 7V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) 150°C 

Thermal Resistance (6 JA ) 60°C/W 



ELECTRICAL CHARACTERISTICS 



Unless otherwise specified, T A = Operating Temperature Range, VCC = VCC2 
Cos = 0-001 V?> Ros = 1 0kQ 


= 1 2V, RsENSE = 1 &/ Q)TA = C VCO 


= 0.01uJ, 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator (VCO) Section 


Frequency vs. VpiN 2 rj 


1V<Vp| N20 <10V 




300 




Hz/V 


Frequency 


Vvco = 6V 


1450 


1800 


2150 


Hz 




Reset mode 


70 


140 


210 


Hz 


Sampling Amplifier (note 1) 


Vrc 


State R 


400 


500 


600 


mV 


Irc 


State A, Vrh2 = 4V 


30 


50 


70 


uA 




State A, V PH2 = 6V 


-13 


2 


13 


uA 




State A, V PH2 = 8V 


-30 


-50 


-70 


uA 


Motor Current Control Section 


l(SENSE) Gain 


V PIN21 = 2.5V 


4.5 


5 


5.5 


V/V 


One Shot off time 




5 


10 


15 


US 


l(CMD) Transconductance Gain 






0.19 




mmho 


l(CMD), l(LIM) Bias Current 


V| N = 





-100 


-400 


nA 


Power Fail Detection Circuit 


12V Threshold 




9.1 


9.8 


10.5 


V 


Hysteresis 






150 




mV 


5V Threshold 




3.8 


4.25 


4.5 


V 


Hysteresis 






70 




mV 


Logic Inputs 


Voltage High (V IH ) 




2 






V 


Voltage Low (Vjl) 








0.8 


V 


Current High (Iih) 


V, N = 2.7V 


-10 


1 


10 


uA 


Current Low <l n_> 


V, N = 0.4V 


-500 


-350 


-200 


uA 


Braking Circuit 


Brake Active Threshold 




1.0 


1.4 


1.8 


V 


PIN 25 Bias Current 


V P |N25 = 0V 




0.3 


1 


uA 
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ELECTRICAL CHARACTERISTICS (Continued) 



Unless otherwise specified, T^= Operating Temperature Range, VCC = 
Cos= 0-001 LlF, R O s=10kQ 


VCC2 = 12V; 


»<sense= i", 


CoTA = CVCO = 


= 0.01liF, 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outputs l(CMD) = l(LIMIT) = 2.5V 


lp low 


V P = 2V 


0.5 




1.2 


mA 


Vp high 


l P = -IOjliA 


VCC2-1V 






V 


P3 Comparator Threshold 




VCC2-3.6V 




VCC2-2.4V 


V 


V N high 


V P ,N1=0V 


VCC -3.2 


10 


VCC - 1 .2 


V 


Vim low 


In = 1mA 




0.2 


0.7 


V 


LOGIC low (Vql) 


Iqut = 0.4mA 






0.5 


V 


VCO/TACH Vqh 


I OU T=100liA 


2.4 






V 


POWER FAIL Vqh 


I O ut=10liA 


Vpins-0.2 


VPIN8-0.1 


Vp|N8 


V 


Supply Currents (N and P outputs open) 


5V Current 






8 


25 


mA 


VCC Current 






1 


1.5 


mA 


VCC2 Current 






8 


16 


mA 


Note 1. For explanation of states, see Figure 5 and Table 1 . 



SUMMARY OF ENHANCEMENTS 
IN ML4412 OVER THE ML4411 

1 . Lower power dissipation, 200mW versus 450mW in 
theML4411. 

2. Accurate and customized start-up by using 
commutation clock provided by the microprocessor 
instead of relying on Iramp as In the ML4411 . 

3. True braking function which is biased by TOB, to 
allow braking block to work under a power loss 
situation. 

4. ML441 2 adds hysteresis into braking comparator to 
accelerate the transition as soon as the (Vth) 
threshold is reached. 

5. ML441 2 adds comparator to prevent the PMOS from 
coming "ON" when the braking is active. 

6. ML441 2 adds active pull-up to the P output to 
replace the resistor pull-up in ML4411 . 

7. ML441 2 enhances pull-down capability to the N 
output to prevent injected shoot through (only 3 mA 
intheML4411). 

8. ML441 2 adds comparator to prevent P3 N3 shoot 
through during reset to state A transition. 

9. The one-shot accuracy in the ML441 2 is improved 
over the ML4411's. 

1 0. ML441 2 adds a blanker circuit to one-shot to 
prevent it from false triggering which occurrs when 
large starting currents cause noise coupling to the 
chip. 



FUNCTIONAL DESCRIPTION 

The ML4412 provides closed-loop commutation for 3- 
phase brushless motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML441 2 is 
designed to drive external power transistors (N-channel 
sinking transistors and P-Channel sourcing transistors) 
directly. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal, phased-locked to the commutation 
frequency of the monitor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4412 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2 below) to determine whether to increase 
or decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 to discharge. Analog speed 
control loops can use Pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 5kQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 
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Figure 1 . Back-EMF sensing block diagram 






7 



60 120 180 



Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 



VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than VCCmin - 1 V. The 
VCO maximum frequency will be: 

Fmax= 0.05 x POLES xRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 



The minimum VCO gain derived from the specification 
table (using the minimum F V co at v vco = 6V) is: 



KvcCKMiN) = 



2.42x10-6 



Cvco 
Assuming that the Vyco(MAX) = 9.5V, then 

.9.5x2.42x10-6 



Cvco = - 



Cvco = 



F MAX 



460 



POLES x RPM 



uf 



4 6 I 

VVCO (VOLTS) 



3000 














g 














REQUENCY 

! i ! 






0.01 M^ 














0.02Mf 




































Figure 3. VCO Output Frequency vs. Vyco (p ,n 20) 
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KvCO(HZ/V) 

Figure 4. Back EMF Phase Lock Loop Components 



Figure 4 above shows the transfer function of the Phase 
Lock Loop with the phase detector formed from the 
sampled phase through the Cm amplifier with the loop 
filtered formed by R, Q, and C 2 . 

The impedance of the loop filter is 

ZRc(s)= _L(i±aEAo) 

Qs (s + colag) 
Where the lead and lag frequencies are set by: 



»LEAD 



«LAG : 



1 
RC 2 

. Q + c 2 

RQC 2 



START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained. The following steps are a typical 
procedure for starting a motor which is at rest. It is 
possible to determine if the motor is running by 
polling the VCO/TACH OUT pin with power disabled 
(Pin 27 = low). 

STEP 1 The IC is held in reset state until the platters are 
steady by setting pin 1 7 and pin 1 9 to a 'V, with 
full power applied to the winding (see figure 5). 
This aligns the rotor to a position which is 30° 
(electrical) before the center of the first 
commutation state. Pin 20 is held at 0.5V 
internally. Microprocessor needs to measure 
VCO frequency by setting pin 27 to a 'V and 
then store it. 

STEP 2 Setting pin 1 7 to a '0' and pin 1 9 to a '1 ' holds 
the IC in a ramping state. Microprocessor sends 
starting commutation clock to pin 16 which is 
an input pin in this state. This clock frequency is 
gradually increasing until it reaches the VCO 
frequency previously stored in Step 1 . 

STEP 3 As soon as commutation clock reaches the VCO 
frequency of Step 1, pin 1 9 is switched to "0" 
while pin 1 7 remains '0'. Now the PLL is closed 
and the VCO is locked to the Back EMF. Pin 16 
becomes an output pin. Thus the commutation 
clock from the microprocessor should be held in 
tri-state. 



Requiring the loop to settle in 20 PLL cycles with a spread 
of 1 between colead = 1 x golag produces the following 
calculations for R, Q, and C 2 : 



Q- 



4.66x10-9 


Cvco x fvco 


C 2 =9xQ 


12.54 



C 2 xf VCO 
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Table 1 Commutation, Braking and PLL States 





OUTPUTS 


INPUT 


STATE 


N1 


N2 


N3 


P1 


P2 


P3 


SAMPLING 


RORO 


OFF 


ON 


OFF 


ON 


OFF 


ON 


N/A 


A 


OFF 


OFF 


ON 


ON 


OFF 


OFF 


PH2 


B 


OFF 


OFF 


ON 


OFF 


ON 


OFF 


PH1 


C 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


PH3 


D 


ON 


OFF 


OFF 


OFF 


OFF 


ON 


PH2 


E 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


PH1 


F 


OFF 


ON 


OFF 


ON 


OFF 


OFF 


PH3 



STATE 


ENABLE 

E/A 


RESET 


PIN20 (RC) 


vco 


COMMUTATOR 


RESET 


1 


1 


0.5V 


RUNNING 

PER VPIN20 


IN RESET STATE 


RAMP 


1 





0.5V 


PRESET 


CLOCKED FROM 
COMMUTATION CLOCK 


RUN 


Q 





DRIVEN BY 
PLL 


RUNNING 
PER Vp| N20 


SEQUENCED BY 
VCO 


BRAKE 





1 


X 


X 


X 



C(VCO) 

VCO OUT 

COMM CLK 

ENABLE EA 

RESET 

OVERALL STATE 

COMMUTATOR 
STATE 




Figure 5. Start up sequencing (from stop) 
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The current loop is compensated by Cqta which forms a 
pole given by 



Figure 6. Typical Start-up Sequence 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

TABLE 2. START-UP SEQUENCE 



STEP 


PIN 
17 


PIN 
19 


PIN 
21 


l(LIMIT) 
l(CMD) 


1 


1 


1 


FIXED 


'max 


2 





1 


FIXED 


'max 


3 











'max 



PWM AND LINEAR CURRENT CONTROL 

To facilitate speed control, the ML4412 includes two 
current control loops — linear and PWM (fig. 7). The 
linear control loop senses the motor current on the 
l(SENSE) terminal through Rsense- An internal current 
sense amplifier's (A2) output modulates the gates of the 3 
N-channel MOSFET's. 

The ML4412 also includes a current mode constant off- 
time PWM circuit. When motor current builds to the 
threshold set on l(LIMIT) input (pin 21), a one-shot is fired 
whose timing is set by Cos an d Ros where 

t FF = 1 .3 x R s x Cos 

The current in the motor will be controlled by the lower 
of pin 13 and pin 21. 

The linear current control modulates the gates of the 
external MOSFET drivers. Amplifier A2 is a 
transconductance amplifier which amplifies the difference 
between l(CMD) and l(SENSE). The transconductance gain 
of A2 is: 

g m =1.875x10-4^5 



G)p 



; 9.375x10-4 
c ota 



This time constant should be fast enough so that the 
current loop settles in less than 1 0% of Tyco at tne 
highest motor speed to avoid torque ripple to Vjh 
mismatch of the N-Channel MOSFET's. 

The l(SENSE) input pin should be kept below 1 V. If 
l(SENSE) goes above 1 V, a bias current of about -300uA 
will flow out of pin 1 and the N outputs will be inhibited. 
Bringing l(SENSE) below 0.7V returns the bias current to 
its normal level For this reason, the noise filter resistor on 
the l(SENSE) pin (1 kQ on Figure 8) should be less than 
1.5kQ. 

The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETs turn 
on but small enough to avoid excessive phase shift in the 
l(SENSE) signal. 

OUTPUT DRIVERS 

The motor's source drivers (P1 thru P3) are NPN emitter 
followers. N3 is inhibited until P3 is within 3V (typ) of 
VCC2. Drivers N1 through N3 are totem-pole outputs 
capable of sinking 10mA. Switching noise in the external 
MOSFETs is reduced by an internal 4KQ, resistor in series 
with the sourcing NPN to form an RC time constant with 
the N-Channel gate capacitance. 

BRAKING 

As shown in Figure 7 the braking circuit pulls the N- 
channel MOSFET Gates high when the BRAKE pin falls 
below a 2 x Vbe threshold (Vth). After a power failure, 
C(DLY) is discharged slowly through R(DLY) providing a 
delay for retract to occur before the braking circuit is 
activated. The P-channel MOSFETs are turned off well 
before braking occurs. As soon as the Vth threshold is 
reached, the braking comparator with hysteresis will 
accelerate the transition and tri-state the N-channel buffer 
(B1, refer figure 7) before C(BRK) dump charges into the 
N-channel Gates. This is to ensure that no charge from 
C(BRK) is lost through the pull-down transistors in B1, 
(figure 7). The C(BRK) will continue charging the N- 
channel Gates, to ensure braking, even when VCC2 
(motor BEMF rectified through the MOSFET body diode), 
drops due to the braking process. An external signal could 
be used to brake the motor. To accomplish this set pin 1 7 
= '1 ', pin 1 9 = '0'. This will pull pin 26 below the 
threshold to activate the braking circuit. 
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Figure 7. PWM and Linear Current Control, Gate Drive and Braking Circuits 



APPLICATIONS 

Figure 8 shows a typical application of the ML4412 in a 
hard disk drive spindle control. The timing needed to start 
the motor in most applications would be generated by a 
microcontroller. 

Speed control can be accomplished either by: 

1 . Sensing the VCO OUT frequency with a 
Microcontroller and adjusting I(CMD) via an analog 
output from the Micro (PWM DAC). 

2. Using analog circuitry for speed control. (Fig. 9) 
OUTPUT STAGE HINTS 

In the circuit in Figure 8, Q1 , Q2 and Q3 are IRFR9024 or 
equivalent. Q4, Q5 and Q6 are IRFR024 or equivalent. 
New MOSFET packaging technology such as the Little 
Foot® series may decrease the PC board space. These 



packages, however have much lower thermal inertia and 
dissipation capabilities than the larger packages, and care 
should be taken not to exceed their rated current and 
junction temperature. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross conduction is the condition where an N-FET 
and P-FET in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see Figure 10): 

1 . When transitioning from mode to mode A (see 
table 1 ) P3 goes from on to off at the same time N3 
goes from off to on. If P3 turns off slowly and N3 turns 
on quickly, cross conduction may occur. This 
condition has been prevented inside the IC on the 
ML441 2 through the addition of comparator A6 on 
the P3 output (Fig. 7). 
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2. When the MOSFET in the same phase switches on 
gate current flows due to capacative coupling of 
current through the MOSFET's drain to gate 
capacitance. This could cause the MOSFET that was 
off to be turned on. 

3. In condition 2 above, the P-channel MOSFET is 
pulled up inside the ML4412 by a NPN follower with 
base pulled up to VCC2 via 16KQ. If the current 
through Cdgp is greater than the VthpMos/1 6KQ/Beta 
NPN, when the N-FET turns ON, the P-FET could be 
turned ON simultaneously, causing cross-conduction. 
The same mechanism can be applied to N-FET when 



P-FET is turned ON. The ML4412 is designed to 
take care of both the cases through slow turn-on, fast 
turn-off schemes ie P-FET Gate is pulled down by an 
800>A current source and the N-FET Gate is charged 
up by an emitter follower in series with 4K£2. 

Figure 1 shows the output stages and the potential causes 
of cross-conduction. The diode D1 shown, may be 
needed for high power applications to limit the negative 
current pulled (through Cdgn) out of the substrate diode in 
the ML4412 when P-FET turns off. 



+12V h 



io *P -J*o.i 



-Mr 



X" 



I 



lOOpF 



Rosi 



I Cos 



Ql 
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Q4 



ioiio.1 



Q3 



Q5 



Q6 




-i N2 

-I N3 

- T^ l(SENSE) 
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- A Cvco 
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l(LIMIT) 

BREAK 

VCC 

PH3 

PH2 

PHI 

R(BRK) 

RC 

+5V 

ENABLE E/A 



IZH+12 

Z3 



PWR FAIL I - 



RESET 
COMM CLK/TACH OUT 



~« l(COMMAND) 




hJvJH c < BRK) 

ZJ 






— » 



-« 



ENABLE ERROR AMP 
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POWER FAIL TO MICRO 
VCO OUT 
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Figure 8. ML441 2 Typical Application 
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ML4412» M- 

PIN20 

+12V 
R5< 



r 




SYMBOL 


VALUE 


A1 


LM358 


IC1 


74HC14 


D1, D2 


IN4148 


R1 


1MQ 


R2 


1MQ 


R3 


100KQ 



R4 

-AM- 




TOML4412 
PIN 13 



SYMBOL 


VALUE 


R4 


100Kft 


R5 


50KQ 


R6 


50Kft 


C1 


3.3*iF 


C2 


3.3fxF 


C3 


0.47^F 




Figure 1 0. Causes of Cross-conduction 



Figure 9. Analog Speed Control 




Figure 11. ML4412 Unipolar Drive Application 
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UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors 
to drive the motor. The ML4412 will operate in unipolar 
mode (Figure 11) provided the following precautions are 
taken: 

1 . The IC supplies should not exceed 1 2V + 1 0%. 

2. The phase pins on the IC should not exceed the 
supply voltage. 

In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

V<*>(MAX) = VsUPPLY (MAX) + VeMF (MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to Vsupply- This energy must be clamped, 
however, to avoid an over-voltage condition on the 
MOSFETs and other components. Typically, a V(CLAMP) 
voltage is created to provide the clamping voltage. The 
inductive energy may either be dissipated (Figure 1 2) or 
alternately efficiently regenerated back to the system 
supply (Figure 13). 

The circuit in Figure 11 is designed to minimize the 
external components necessary, at some compromise to 
performance. The 3 resistors from the motor phase 



windings to the PH inputs work with the ML441 2's 5KQ 
internal resistance to ground to divide the motor's phase 
voltage down, providing input signais that do not exceed 
12V. This circuit uses analog speed regulation. The "one 
shot" circuitry to time the reset is re placed by a di ode and 
RC delay from the rising edge or the POWERFAIL signal. 
The error amplifier is left enabled continuously since at 
low speeds its current contribution is negligible. The 
current injected into the loop filter must be greater than 
the leakage current from the phase detector amplifier for 
the motor to start reliably. 



HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding ML4412 voltage limitations as were outlined for 
Unipolar drive above should be followed. Figures 14-16 
provide several methods of translating the ML4412's P 
outputs to drive a higher voltage. 



V(CLAMP) = 
+24V 



12Vi 
BATTERY! 



I 



CI 
~0.1 



5V 
REG 



12V 
L.D.O. 



+12VTO 
VCC AND VCC2 . 



)0 T 0.1 T 

I I 











5V 
REG 


V(CLAMP) = +24V[— <» 




LJ 


| 




% DUTY v\> 








CYCLE " 

12V 




BATTERY 


I 

0.1 Z 




I 






12V 
L.D.O. 






1 



Figure 12. Dissipative Clamping Technique 



Figure 13. Non-Dissipative Clamping Technique 
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Figure 14. High Voltage Translation using PNP 
Power Transistor 



Figure 15. High Voltage Translation using "Composite" 
PNP Power Transistor 




Figure 16. High Voltage Translation with NPN 
Darlingtion 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4412CS 


0°C to +70°C 


28-PIN SOIC (S28W) 
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5-131 



November 1990 
PRELIMINARY 



3^, Micro Linear 



ML4415, ML4415R 
ML4416, ML4416R 



15 Channel Read/Write Circuit 



GENERAL DESCRIPTION 

The ML4415, ML4416 devices are bipolar monolithic 
read/write circuits designed for use with fixed disk 
ferrite center-tapped recording heads. They provide a 
low noise read path, write current control, and data 
protection circuitry for all channels. 

These multiplexed read/write data channels exhibit 
features not found in similar read/write circuits such as 
improved write current stability and elimination of 
write current "glitches" during power up. 

The ML4416 has fourteen read/write data channels and 
a chip select pin. The chip select pin allows additional 
read/write circuits in the system by enabling or 
disabling a particular chip. The ML4415 has fifteen 
read/write data channels and no chip select pin. 

The ML4415R and ML4416R versions include on-chip 
damping resistors. 



FEATURES 

■ Write current disable during power up 

■ Enhanced write current stability 

■ Designed for center-tapped ferrite heads 

■ ML4415 provides 15 read/write channels 

■ ML4416 — easily multiplexed for larger systems 

■ Includes write unsafe detection 

■ TTL compatible control signals 

■ Programmable write current source 

■ +5V, +12V power supplies 



BLOCK DIAGRAM 



VdD VccGND 

III 



HS2 O- 
HS3 O- 
WC O- 



WRITE 

UNSAFE 

DETECTOR 




MODE 
SELECT 



Vcr 

JL 



CENTER 

TAP 
DRIVER 



READ 
PREAMP 



WRITE 
DRIVER 



VOLTAGE 

FAULT 
DETECTOR 



WRITE 
CURRENT 
SOURCE 



- HOX 
-HOY 

- H1X 

- H1Y 

- H2X 
-H2Y 
-H3X 
-H3Y 

- H4X 

- H4Y 
■ H5X 

- H5Y 
-H6X 
-H6Y 
-H7X 
-H7Y 
-H8X 
-H8Y 

- H9X 

- H9Y 

- H10X 

- H10Y 

- H11X 

- H11Y 

- H12X 

- H12Y 

- H13X 

- H13Y 

- H14X** 

- H14Y** 



* ML4416 ONLY 

* ML4415 ONLY 
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PIN CONNECTIONS 



ML4415CQ, ML4415RCQ 
44-Pin PCC 



ML4416CQ, ML4416RCQ 
44-Pin PCC 



H4X H3X H2X H1X HOX 
H4Y | H3Y | H2Y | H1Y | HOY | GND 

.nnnnnnnnnnn 



H5X[ 7 

H5Y[ 8 

H6X[ 9 

H6Y[ 10 

H7X[ 11 

H7Y[ 12 

H8X[ 13 

H8Y[ 14 

H9X[ 15 

H9Y[ 16 

H10X[ 17 



3 2 1 44 43 42 41 40 



39 ]R/W 
38 ]WC 



18 19 20 21 22 23 24 25 26 27 28 



LJLJLJLJLJLJLJLJL 

H10Y | H11Y | H12Y I H13Y | H14Y | V D D 
H11X H12X H13X H14X Va 



37 ]RDY 

36 

35 

34 

33 



]rdx 
]hso 

]HS1 
]HS2 
32 ]HS3 

]v cc 

]WDI 

]wus 



H4X H3X H2X H1X HOX 
H4Y | H3Y | H2Y | H1Y | HOY | GND 

.rnririr-ir-ir-irirnr-ir-irn 



H5X[ 7 
H5Y[ 8 
H6X[ 9 
H6Y [ 10 
H7X[ 11 
H7Y[ 12 
H8X[ 13 
H8Y [ 14 
H9X [ 15 
H9Y [ 16 
H10X [ 17 



3 2 1 44 43 42 41 40 



18 19 20 21 22 23 24 25 26 27 28 



LJLJLJLJLJLJLJLJI 

H10Y | H11Y | H12Y I H13Y | V CT I WUS 



39 ]CS 
] R/W 
] WC 
] RDY 
] RDX 
] HS0 
] HS1 
] HS2 
]HS3 

]v C c 

] WDI 



H12X H13X NC 
TOP VIEW 



VDD 



PIN DESCRIPTION 



NAME 



FUNCTION 



HS0-HS3 Head Select (14 heads for the ML4416, 
and 15 heads for ML4415). 

CS Chip Select (low level enables, ML4416 

only) 

R/W Read/Write (high level select Read 

Mode) 

WUS Write Unsafe, open collector output 

(high level indicates an unsafe writing 
condition) 

WDI Write Data In (negative transition 

toggles head current direction) 



NAME 


FUNCTION 


. H0X-H14X 


X head connections 


H0Y-H14Y 


Y head connections 


RDX, RDY 


X, Y Read Data (differential read signal out) 


WC 


Write Current (used to set the write 
current magnitude) 


Vct 


Voltage Center Tap (center tap voltage 
source) 


Vcc 


+5 volts 


Vdd 


+12 volts 


GND 


Ground 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage Range 

V DD 1 -0.3 to 14V DC 

V DD 2 -0.3tol4V DC 

V cc -0.3 to 6V DC 

Input Voltage Range_ 

Digital Inputs (CS, R/W, HS, WDI) . . . -0.3 to V cc +0.3V DC 

Head Ports -0.3 to V DD 1 +0.3V DC 

Write Unsafe (WUS) -0.3 to 14V DC 

Write Current (l w ) 60mA 

Output Current 

Read Data (RDX, RDY) -10mA 

Center Tap Current (I C t) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°Cto 150°C 

Junction Temperature (Tj) 135°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 



Supply Voltage 

V DD 1 12V±10% 

V cc 5V±10% 

Head Inductance 

L H 5 to 15//H 

Damping Resistor (R D , ML4415R or ML4416R) . . 500 to 2000Q 

RCT Resistor (V 4 Watt) 120Q ±5% 

Write Current (l w ) 10 to 40mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified V DD 1 =V DD 2 = 12 V ± 107 O/ V C c= 5 V ± 107 O/ R CT = 120Q ± 5°/ 0/ l w =40mA, 0°C<T A < 70°C 
(Notes 2 and 3). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


DC OPERATING CHARACTERISTICS 


POWER SUPPLY 


•cc 


Vcc Supply Current 


Read or Idle Mode 




31 


35 


mA 




Write Mode 




26 


30 


mA 


•dd 


V DD Supply Current 


Read Mode 




29 


35 


mA 




Write Mode 




17+lw 


20+l w 


mA 




Idle Mode 




17 


20 


mA 


Pd 


Power Dissipation 


Read Mode 




550 


655 


mW 




Write Mode l w =40mA, 
Rct=0Q 




890 


960 


mW 




Idle Mode 




378 


455 


mW 


DIGITAL INPUTS (CS, R/W, HS, WDI) 


V,H 


High Voltage 




2 






V D c 


V,L 


Low Voltage 








0.8 


Vdc 


l|H 


High Current 


V| H =2.0V 






100 


ma 


IlL 


Low Current 


V, L =0.8V 


-0.4 






mA 


WUS OUTPUT 


Vol 


Output Low Voltage 


Iql= 8 mA (Safe) 






0.5 


Vdc 


'oh 


Output High Current 


V OH =5 V (Unsafe) 






100 


ma 


CENTER TAP VOLTAGES 


VCT 


Read Mode 


Read Mode 




4 




Vdc 


VCT 


Write Mode 


Write Mode 




6 




Vdc 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V DD 1 = 12V ± 10%, V C c = 5V ± 10%, R C t = 120Q ± 5%, l w = 35mA, L H 
R D = 750O (ML4415, ML4416), f DAT A - 5MHz, C L (RDX, RDY) < 20pF, 0°C < T A < 70°C (Notes 2 and 
(V|n is referenced to Vct for Read Mode Characteristics). 



= 10//H, 

3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


WRITE MODE CHARACTERISTICS 


■hcw 


Head Current (per side) 


Write Mode 

0<V CC <3.7V 

0<V DD K8.7V 


-200 


0.15 


200 


M A 


'wR 


Write Current Range 


\\n = KIR\nq 


10 




40 


mA 


K 


Write Current Constant 




2.375 


2.5 


2.625 




V HD 


Differential Head Voltage Swing 




7.0 


10.2 




V PK 


•hu 


Unselected Head Transient 
Current 








2 


mAp K 


Cod 


Differential Output Capacitance 






8.8 


15 


pF 


r od 


Differential Output Resistance 


ML4415, 4416 


10 k 






Q 




Tj = 25°C ML4415R, 4416R 


600 




960 


Q 


f\WDI 


WDI Transition Frequency 


WUS = Low 


250 


490 




kHz 


A, 


l W C to Head Current Gain 






0.99 




mA/mA 


II 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


M A 


READ MODE CHARACTERISTICS 


A v 


Differential Voltage Gain 


V| N = 1mVp_ P @300kHz, 
R L (RDX,RDY) = 1kQ 


85 


106 


115 


V/V 


DR 


Dynamic Range 


DC Input Voltage (V,) Where Gain Falls 10%, 
V, N -V, +0.5 mV P .p@ 300 kHz 


-3 


±7 


+3 


mV 


BW 


Bandwidth (-3dB) 


|Z s |<5Q,V lN = 1mVp.p 


30 


40 




MHz 


eiN 


Input Noise Voltage 


BW=15MHz, L H =0, R H = 




1.2 


1.5 


nV/\fiHz 


Qn 


Differential Input Capacitance 


f=5MHz 




14 


20 


pF 


R IN 


Differential Input Resistance 


f = 5MHz, Tj = 25°C ML4415, 4416 
V, N - 6mV P _p ML4415R, 4416R 


2k 


15K 




Q 




460 




860 


Q 


! HCR 


Head Current (per side) 


Read or Idle Mode 

0<V CC <5.5V 

0<V DD K13.2V 


-200 




200 


ma 


l|N 


Input Bias Current (1 side) 






8.5 


45 


^A 


CMRR 


Common-Mode Rejection Ratio 


V CM =V CT +100mVp. P @f=5MHz 


50 


77 




dB 


PSRR 


Power Supply Rejection Ratio 


100 mVp.p @ 5 MHz on V DD 1, V DD 2, or V cc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V| N = 100mVp. P @5MHz 
and Selected Channel: 
V| N =0mVp_p 


45 


57 




dB 


Vos 


Output Offset Voltage 


Read Mode 


-460 


±29 


+460 


mV 




Write or Idle Mode 


-20 


±1 


+20 


mV 


V OCM 


Common-Mode Output Voltage 


Read Mode 


4.5 


5.5 


6.5 


V 




Write or Idle Mode 




5.6 




V 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 


"l 


Leakage Current, RDX, RDY 


(RDX, RDY) = 6 V Write or Idle Mode 


-100 


±15 


100 


^ 


b 


Output Current 


AC Coupled Load, RDX to RDY 


±2.1 


±2.7 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V DD 1 = 12V ± 10%, V C c = 5V ± 10%, Rct " 120fi ± 5%, l w = 35mA, L H - 10//H, 
R D = 750O (ML4415, ML4416), frjATA = 5MHz, 0°C < T A < 70°C (Notes 2 and 3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SWITCHING CHARACTERISTICS 


*RW 


R/W to Write Switching Delay 


To 90% of Write Current Output 




.105 


1 


MS 


*WR 


R/Wto Read Switching Delay 


To 90% of 100 m V, 10 MHz Read Signal 
Envelope or to 90% Decay of 
Write Current 




.036 


1 


JiS 


tiw 
or 

t|R 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
100 mV, 10 MHz Read Signal Envelope 




.165 


1 


MS 


*WI 

or 

tRI 


CS to Unselect Switching Delay 


To 90% Decay of 100 mV, 10MHz Read 
Signal Envelope or to 90% Decay of Write 
Current 




.084 


1 


(AS 


tHS 


Head Select Switching Delay 


To 90% of 100mV, 10MHz Read Signal 
Envelope 




.045 


1 


MS 


tDI 


Safe to Unsafe 
Write Unsafe Delay 


lw=35mA 


1.6 


3.9 


8 


us 


tD2 


Unsafe to Safe 
Write Unsafe Delay 


lw=35mA 




.387 


1 


us 


tD3 


Prop. Delay Head Current 


L H = 0, R H =0 From 50% points 




23 


25 


ns 




Asymmetry Head Current 


WDI has 50% Duty Cycle and 1 nS Rise/ Fall 
Time 




0.9 


2 


ns 




Rise/ Fall Head Current 


10% and 90% Points 




5 


20 


ns 



Note 1: Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Limits are guaranteed by 100% testing, sampling, or correlation with worst-case test conditions. 

Note 3: Maximum junction temperature (Tj) should not exceed 135°C. 

TIMING DIAGRAM 




Write Mode Timing Diagram 
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FUNCTIONAL DESCRIPTION 

CIRCUIT OPERATION 

For any selected head, the ML4415/4416 functions as a 
read amplifier when in the Read mode, or as a write 
current switch when in the Write mode. Pins HSO, HS1 
and HS2 determine head selection while pin R/W 
controls the Read/Write mode. A detected "write- 
unsafe" condition is indicated by pin WUS. 

READ MODE 

When the ML4415, 4416 is in the Read Mode, it 
operates as a low-noise differential amplifier on the 
selected channel. In Read mode the write data flip-flop 
is set and both the write unsafe detector and the write 
current source are deactivated. The center tap voltage 
is also lowered. Pins RDX and RDY provide differential 
emitter follower outputs which are in phase with the 
X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making 
external write current gating unnecessary. 

WRITE MODE 

The ML4415, 4416 operates as a write-current switch 
when in the Write mode. Write current magnitude is 
determined by the following relationship: 

lw = K/Rwc 

Where: K = Write Current Constant 



R wc 



Resistance connected between pin WC 
and GND. 



The head current is toggled between the X and Y side 
of the selected head by a negative transition WDI 
(Write Data Input). When switching the ML4415, 4416 to 
write mode, the WDFF (Write Data Flip-Flop) is 
initialized to pass write current through the X-side of 
the head. 

The ML4415, 4416 exhibit enhanced write current 
stability, compared to similar read/write circuits, which 
reduces the problem of oscillation. This is a result of 
increased internal write current compensation. Also, 
write current "glitches" during power-up, common in 
similar read/write circuits, are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector 
output that gives a logic high level for any of the 
following unsafe write conditions: 

• Open head 

• Open head center-tap 

• Too low WDI frequency 

• Read mode selected 

• Device not selected 

• No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The ML4415, 4416 also offers a voltage fault detection 
circuit that prevents write current during power-loss or 
power-up. 



Table 1. 



Head Select 



HS3 


HS2 


HS1 


HSO 


HEAD 














HO 











1 


H1 








1 





H2 








1 


1 


H3 





1 








H4 





1 





1 


H5 





1 


1 





H6 





1 


1 


1 


H7 













H8 










1 


H9 







1 





H10 







1 


1 


H11 




1 








H12 




1 





1 


H13 




1 


1 





H14* 



* ML4415 only 

- Logic Level Low 

1 = Logic Level High 
X = Don't Care 

Table 2. 



** ML4416 only 

= Logic Level Low 

1 = Logic Level High 
X = Don't Care 



Mode Select 



cs** 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 
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TYPICAL APPLICATION 



+5V +12V 



MICROPROCESSOR 

AND 
CONTROL LOGIC 



* ML4416 ONLY 



WRITE DATA INPUT - 



READ DATA OUTPUT 



£RctO) 



VCC VDD1 VdD2 Vct 

HOX 



wus 

R/W 
CS* 



HSO 
HS1 
HS2 
HS3 



HOY 
H1X 



H1Y 
H2X 



ML4415 
ML4415R 
ML4416 
ML4416R 



WD I 
RDX 
RDY 



GND HNY 



J' 



3- 



f 



, READ/WRITE 
/ HEADS 




NOTES: 

1. RCT is optional and is used to limit internal power dissipation 
(Otherwise connect V DD 1 to V DD 2). 

RCT (1/2 Watt) = 120 (40/l w ) ohms 
where l w - Write Current, in mA 

2. Ferrite head optional: used to suppress write current overshoot 
and ringing. Recommend Ferroxcube 3659065 /4A6. 

3. RDX and RDY load capacitance 20pF maximum. RDX and RDY 
output current must be limited to 100/uA. 

4. Damping resistors not required on ML4415R, 441 6R. 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


NUMBER OF CHANNELS 


ML4415CQ 
ML4415RCQ 


MOLDED PCC (Q44) 
MOLDED PCC (Q44) 


15 
15 


ML4416CQ 
ML4416RCQ 


MOLDED PCC (Q44) 
MOLDED PCC (Q44) 


14 with CS 
14 with CS 



Micro Linear 
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ML4417/ML4427 



Zoned Bit Recording Circuit 



GENERAL DESCRIPTION 

The ML4417/27 is a bipolar monolithic integrated 
circuit that simplifies the design of zoned bit recording 
systems in hard disk drives. It contains a VCO capable 
of operating at frequencies up to 95 MHz, a charge 
pump, and the active electronics required for a loop 
filter to form a variable rate data encoding and 
decoding system. 

The ML4417/27 also includes a code clock output and 
the dividers required for an interface clock output 
whose frequency is equal to the code clock output 
frequency divided by 1.5. This feature simplifies the use 
of RLL (1, 7) coding for improved storage density. 

In addition, the ML4417/27 includes two uncommitted 
ECL to TTL level translators to simplify interfacing with 
TTL-based systems. The ML4417/27 is designed for 
operation from 12V and 5V supplies, but may be 
operated from a single 5V supply if desired. 

The ML4417 has TTL-compatible logic input levels on 
the charge pump, and the ML4427 has a charge pump 
control input, which, when driven by a CMOS tri-state 
output, eliminates one logic interface line to the 
circuit. 



FEATURES 

■ Wide VCO Range (3:1 Range to 95 MHz) 

■ Allows RLL (1, 7) or (2, 7) Encoding 

■ SO-16 (Narrow) Packaging 

■ Coarse and Fine VCO Control Inputs 
■.Two Uncommitted ECL to TTL Converters 

■ 12V, 5V or Single 5V Operation 



BLOCK DIAGRAM 



V C 2 (5 OR 12V) 
4 



QIN2« 



QIN1 



LOOPFLTR (FINE, V3) 




OSCTP (ECL) 



CODECLK (ECL) 



INTCAP (COARSE, V2) 



► CHARGE PUMP INPUT LOGIC LEVELS: 

ML4417 — TTL COMPATIBLE, ML4427 — CMOS TRI-STATE 
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PIN CONNECTIONS 



ML4417, ML4427 
SOIC-16 (Narrow) Package 



OSCTPOE 


1 


16 


JEI CODECLK (ECL) 


INTCAP (COARSE) EEC 


2 


15 


3E1 ECLIN1 


LOOPFLTR (FINE) OE 


3 


14 


3DV C 1 


Vc2 (5 TO 12V) OE 


4 


13 


inCAPA 


QIN2 nr 


5 


12 


in vcc (5V) 


QIN1 or 


6 


11 


utignd 


ECLIN2 OE 


7 


10 


3EJ INTCLK (TTL) 


TTLOUT2 OE 


8 


9 


3EJ TTLOUT1 



ML4417, ML4427 
PDIP-16 Package 
(Prototypes Only) 


OSCTP[ 




16 


] CODECLK (ECL) 


INTCAP (COARSE) [ 


2 


15 


] ECLIN1 


LOOPFLTR (FINE) [ 


3 


14 


]V C 1 


V C 2 (5 TO 12V) [ 


4 


13 


3CAPA 


QIN2[ 


5 


12 


] Vcc (5V) 


QIN1 [ 


6 


11 


]gnd 


ECLIN2 [ 


7 


10 


] INTCLK (TTL) 


TTLOUT2 [ 


8 


9 


] TTLOUT1 




TOP VIEW 





PIN DESCRIPTION 



PIN NO. 



NAME 



FUNCTION 



OSCTP (ECL) 



INTCAP (COARSE) 



LOOPFLTR (FINE) 



V C 2 
QIN2 



QIN1 



Oscillator Test Point. An 
ECL output of the VCO 
that is useful for direct 
evaluation of the VCO 
output. 

The coarse input for the 
loop filter time constant 
setting. 

The fine input for loop 
filter time constant setting. 

Analog power supply 
input, nominal 5V or 12V. 

Increment input on the 
charge pump. This input 
is TTL-compatible on the 
ML4417. On the ML4427, 
it can be connected, 
along with pin 6, to a 
single CMOS tri-state 
output, eliminating one 
pin on the controlling 
gate array. (Active high) 

Decrement input on the 
charge pump. (Active low) 



PIN NO. 



13 



14 



16 



NAME 



FUNCTION 



15, 7 


ECLIN1, 2 


ECL inputs for ECL to 
TTL level translators. 


9, 8 


TTLOUT1, 2 


TTL outputs for ECL to 
TTL level translators. 


10 


INTCLK (TTL) 


Interface clock output. 
This output is a TTL 
output at one third of 
the VCO frequency. 


11 


GND 


Ground. 


12 


V CC (5V) 


Logic power supply 



CAPA 



Vci 



CODECLK (ECL) 



input, nominally 5V. 

VCO capacitor 
connection. This 
capacitor determines the 
nominal VCO frequency. 

Vci should be 
connected to a well- 
regulated 5V ± 5% supply. 

The code clock output. 
This is an ECL output at 
half the VCO frequency. 
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ABSOLUTE MAXIMUM RATINGS 

Power Suppiy Voitage Range 

V C i -0.3 to V C c + .3 VDC 

V C2 -0.3 to 14 VDC 

V C c -0.3to6VDC 

Digital Inputs 

ECLIN1, 2 -0.3 to V C c + 0.3V 

QIN1, 2 -0.3 to V C c + 0.3V 

Analog Inputs 

LOOPFLTR, INTCAP -0.3 to V C2 + 0.3V 

CAPA -0.3 to Vci + 0.3V 

Digital Outputs 
TTLOUT1, 2, OSCTF> 
CODECLK, INTCLK -0.3 to V CC + 0.3V 



TYPICAL OPERATING CONDITIONS 

Temperature Range C C to +70°C 

Analog Supply Voltage (V C 2)* 5 or 12V 

Digital Supply Voltage (V C c) 5V 

V C 1 5V 

* This supply voltage is designed for 5V or 12V operation. This data 
sheet specifies the ML4417/4427 for 12V operation. For 5V 
specification, please contact Micro Linear. 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. (All voltages are referenced to GND.) 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, V C2 = 12V ± 10%, V cc = 5V ± 5%, V C1 = 5V ± 5%, T A = 


25°C. 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply 


'cc 


Vcc Supply Current (1) 


Pin 12 




90.0 




mA 


la 


V C1 Supply Current 


Pin 14 




11.0 




mA 


'C2 


V C2 Supply Current 


Pin 4 




4.5 




mA 


Digital Inputs 


V IH (ECL) 


High Voltage ECL Input 


Pin 15, V cc - 5V 


4.0 






V 


V IL (ECL) 


Low Voltage ECL Input 


Pin 15, V cc = 5V 






3.6 


V 


l|H (ECL) 


High Current ECL Input 


Pin 15, V cc = 5V 






1250 


»K 


l|L (ECL) 


Low Current ECL Input 


Pin 15, V cc = 5V 


625 




1000 


fiA 


Digital Outputs (ECL are Open Emitter) 


V OH (TTL) 


High Voltage TTL Output 


'oh = -0.4mA 


TTL OU^ 2 3 

Pins 8, 9, 10, V cc = 5V 


3.75 






V 


Vol (ttl) 


Low Voltage TTL Output 


Iol = 1.6mA 






0.50 


V 


V OH (ECL) 


High Voltage ECL Output 


l OH = -4mA 


ECL Code CLK 
Pin 16, V cc = 5V 


4.05 


4.22 


4.30 


V 


V OL (ECL) 


Low Voltage ECL Output 


Iol = -4mA 


2.80 


3.22 


3.55 


V 


Voltage Controlled Oscillator (VCO) (Transfer Functio 


n Pin 2 to Pin 1 = 7.5MHz/Volt @ 10pF) 










fvco 


VCO Range 


Cose " 10 P F Pin 14 to Pin 13 
(Pin 2 = 1V to 11V, Pin 3 = 6V) 
(Pin 14 - V cc ) 




20-95 




MHz 


Charge Pump 


'Q 


Charge Pump Current 


Pin 3 




±125 




//A 


Vqh 


Charge Pump Maximum Voltage 


Pin 3 




V C2 -1V 




V 


Vql 


Charge Pump Minimum Voltage 


Pin 3 




1.0 




V 


INC, DEC Inputs 


V, H 


High Voltage Input 


Pin 6, V cc = 5V 


1.9 




Vcc 


V 


V,L 


Low Voltage Input 


Pin 6 







0.8 


V 


V, H 


High Voltage Input 


Pin 5 (ML4417), V CC - 5V 


1.9 




Vcc 


V 


V, L 


Low Voltage Input 


Pin 5 (ML4417) 







0.8 


V 


Note 1: This value includes current consumed in 1KQ 


terminating resistors from pins 1 and 16 to grou 


nd. 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, V C2 = 12V ± 10%, V C c = 5V ± 5%, V a = 5V ± 5%, T A = 25°C 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


INC, DEC Inputs (Continued) 


V, H 


High Voltage Input 


Pin 5 (ML4427) see figure 2, V cc = 5V 


4.2 




5.0 


V 


V, L 


Low Voltage Input 


Pin 5 (ML4427) see figure 2, V cc = 5V 







3.1 


V 


«IH 


High Current Input 


Pin 6, V| N = 1.9V 


-5.0 




+1.0 


fiA 


IlL 


Low Current Input 


Pin 6, V, N = 0V 


-25 




-1,9 


M 


•iH 


High Current Input 


Pin 5 (ML4417), V, N = 5V 


+30 




+200 


//A 


I.L 


Low Current Input 


Pin 5 (ML4417), V IN = -* 0.9V 


-25 




+40 


M 


llH 


High Current Input 


Pin 5 (ML4427), V, N = 5V 


+1.0 




+20 


M 


IlL 


Low Current Input 


Pin 5 (ML4427), V, N = 3.1V 


-0.1 




+7.0 


//A 


ECL Input 2 (Pin 7) at 25°C, 5MHz < f IN < 35MHz, 40% < Duty Cycle < 60% (If Unused, Pin 7 = V cc ) 


V,H 


High Voltage Input 


V C c - 5V 


3.0 


4.2 


5.1 


V 


V, L 


Low Voltage Input 


V C c = 5V 


2.5 


3.4 


4.6 


V 


V A 


Voltage Swing 


V,h - V lly V CC = 5V 


.5 




2.0 


V 


'in 


Input Current 


DC Bias Value 




35 




v* 


Transconductance Amplifier 


Vrefi 


Inverting Input of Amplifier 






V C2 /2 




V 


Cm 


Transconductance 


Al (Pin 2) -*- AV (Pin 3) 




27.5 




//mho 


•sat 


Limiting Value of Output Current 


Pin 2 




±120 




M 



V C 2 (5 OR 12V) 



QIN2*_A 

QIN1— - 
VFLT 3 



'i 



Vint 2 



INC 

QPUMP 
DEC 



ECL TO TTL 
CONVERTER 



ECL TO TTL 
CONVERTER 



ML4417/ML4427 



KF1 =1/10 (TYP) 



3— o 

)CTYP) y + 



Vref ■_ 
V C2 /2 




KF2 = 1 (Vc2 > Vcc - 4V) 
KF2 - 2.5 (V C2 < Vcc = 2V) 



Vcc (5V) 
-2| 



* CHARGE PUMP INPUT LOGIC LEVELS: 

ML4417 - TTL COMPATIBLE, ML4427 — CMOS TRI-STATE 



Vd Cqsc 



11 
GND 



- CODECLK (ECL) 



Figure 1. Typical Passive Component Connections 
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The ML4427 version has an input on pin 5 that allows a 
single-line control interface on the charge pump. By 
connecting pins 5 and 6 together, the charge pump can 
be controlled from a single CMOS tri-state output as 
follows: HI = increment, LO = decrement, tri-state = 
coast. The benefit is a savings of one output pin on a 
control gate array. A resistive termination to V<x/2 is 
required to establish the logic level during tri-state, as 
shown. 



Figure 2. 



TYPICAL PERFORMANCE CHARACTERISTICS 



vco 

— — (MHz) vs. V, NT 

V C2 = 5V 
(5V-Only Operation) 



PIN 16 OUTPUT 
-^ FREQUENCY 




PIN 16 OUTPUT 
^FREQUENCY 50 



VCO 



(MHz) vs. V, NT 
V C2 = 12V 




COSC - 20pF 



COSC = 40pF 
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c 






i 

N| 



n 



REF 
CLK 



READ/WRITE 
CIRCUIT 
ML511R 



_<* 



£, 



DIVIDE 

BY N 



DIVIDE 
BYM 



PHASE 
COMP 



CHARGE 
PUMP 



LOOP 
FILTER 



ZONE 

SELECT 

CONTROL 



DIVIDE 
BY 3 



L 



DIVIDE 
BY2 



^S^ 



FILTER/ 
EQUALIZER 



PULSE 
DETECTOR 



I 



I 



J 



ML4417/27 ZBR CIRCUIT 



1 



REFOSC 

IN 



READ 
DATA 
INPUTS 



DMA 

SEPARATOR 

ML4025 



DATA 
CLOCK 



SYNC 
DATA 



READ 
SYNC 
FIFO 



« • » 
CLK 



WRITE 
SYNC 
FIFO 



Ul 






B 



3 



n 

3" 
3 

3. 

c 

§• 

QTQ 



0. 
I 



I 




V| 
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4417/4427 LOOP RESPONSE 







Kfp 

s 






K^ 


Iqp _ 


Kfur 


Vc 






AF 
Fo 






— »• 




KVCO 






Af 

m f 






















Kfp 
s 
























X 



































Kfltr — To Be Derived, Units : 



Volts 
Amp 



K FP = In 



Radian 



Hertz 
.125mA Amp 



v In Radian 

100% % 

Kvco = — r (Cose = 10pF) 

2.5V Volt UbL - K 





Vi 


















Iqp 

i ' 


• — | 










R 1 < 




r rft»S 


V 2 p«-| 


K 2 


,f 




C 2 : 




c 3 : 


l_J 


+ L 


Cii 








\y^ 











/ 1 \ 1 

R-, + 

1 SC 1 / SC 2 
V 1 = ! QP * ~ ~ " ! QP 

Ri + + 

SC, SC 2 



SR^t + 1 



S(C 1 + c 2 )(sr i; ^^-m) 



V 2 - V! *^ , V C = V-.IC, + V 2 K 2 = ViJK, + sc 



Ki 
S r-r- C 3 + 1 



g mK 2 \ K2GM 

v 1 — 



G M K 2 



C 3 



v c 



G M K2(SR 1 C 1 +1)(s-^-C 3 + l) 
K 2 G M ' 

"Iqp s2(C 1 + C 2 )C 3 (sr i; ^^ + i) 

M + <-2 

(SR^ + 1) (S * 3.6 * 10 3 C 3 + 1) 

36 * 10 3 S^Q + C 2 )C 3 (sRt ClC ^ + l) 
M + C 2 



* K FLTR 



K! - .1 - 
1 V 

V 

K 2 -1- 

1 V 

G M - 27.5 * 10" 6 -^ 
Volt 
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Thus complete open loop transfer function Toi_: 



k fp ± 
S 

K FLTR 



Fref 



2tt .125 * 1Q- 3 

S In 

(SR1Q + 1) (S * 3.6 * 10 3 C 3 + 1) * F REF 



S 20 * 10 3 . / C,C 2 v 

S 3 (Ci + C 2 )C 3 (SR-, LjL - + 1) * 720 * 10 6 




Must define desired F REF , fo, 2-2, Pi, Z-i; then can proceed with component value determination. 

If Fqut = 36 * 10 6 , N = 50 (typical numbers), then F REF = 720 * 10 3 
Assume: f = 1000Hz, Z 2 = 250Hz, P 1 = 3000Hz, Z n = 45Hz 

1. Set Z<| with C 3 : 

1 1 

3.6 * 10 3 * C 3 = C 3 r = .982 * 10~ 6 ~ 1//F 

2ttZi 2tt * 45 * 3.6 * 10 3 

2. Set -3 intercept frequency f 3 with (Q + C 2 ): f 3 = (Z 1 Z 2 f ) 1/3 = (11.25 * 10 6 ) 1/3 

720 * 10 3 



Ci + Q ■ 



Ri 



(27T) 3 * 11.25 * 10 6 * 10" 6 * 720 * 10 6 
CiC 2 * 



.358 * 10" 6 



3. Ratio - 



2 -, 2 C 2 - (Q + C 2 ) — = .358 * 10" 6 * = .0298 * 10" 6 ~ .030)t/F 

Q + C 2 P-, 3000 



Pi RiGj 

4. Ci = (Ci + C 2 ) - C 2 = .358 * 10" 6 - .030 * 10" 6 = .328 * 10~ 6 ~ .33//F 

1 1 

Ri 



5. Set Z 2 with R-j: RiCi 



2ttZ 2 



In * 250 * .33 * 10" 6 



= 1.929 * 10 3 ~1.91K 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4417CP 
ML4417CS 


0°C to +70°C 
0°C to +70°C 


MOLDED DIP (P16) 
MOLDED SOIC (S16N) 


ML4427CP 
ML4427CS 


0°C to +70°C 
0°C to +70°C 


MOLDED DIP (P16) 
MOLDED SOIC (S16N) 
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ML4418 



Low Saturation Voice Coil Servo Driver 



GENERAL DESCRIPTION 

The ML4418 is a voice coil power driver intended for use in 
High Performance 12V Hard Disk servo systems. The 
ML441 8 contains all control circuitry necessary to drive the 
voice coils of most drives. To maximize compliance 
voltage, the ML4418 includes two 1-Amp NPN drivers and 
provides base drive for external PNP transistors. In addi- 
tion, power fail detection and a low voltage head retraction 
functions are provided for orderly shut-down of the drive. 
A current sense amplifier is included to enable voice coil 
current feedback for velocity calculations. Special care has 
also been taken to maximize system loop bandwidth. 

The transconductance programmed by a logic input at 1/2 
A/V and 1/7 A/V respectively, when using a 1Q sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without compromising 
dynamic range during seek. 

The retraction circuit, main drive circuit, and control circuits 
are each powered from their own supplies. Retract is self- 
contained for 1 2V systems but allows the use of an external 
PNP to allow retraction with as little as 1 V of back EMF 
from the spindle. 



The power fail detection circuit includes a precision 1.5V 
bandgap reference and a power fail comparator. 

The ML4418 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the \C 
for a user's specific application. 

FEATURES 

■ Low saturation voltage (<1 V at 1 A.) 

■ No cross-over distortion with low quiescent current 

■ VCM coil current output referenced to Vref 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract voltage 
and separate power pin operates to 1V 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 

■ Operates from +1 2 supplies 



BLOCK DIAGRAM 




^ — I R(SET) 

-H SEISET^T^VVV^ 

_ I GND (7| -^ 
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PIN CONFIGURATION 



ML4418 
24-Pin SOIC 



12V SENSE 




TOP VIEW 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 VCC Supply input to power amplifiers 

2 DISABLE A Logic "1" puts the IC into a low power 

state and disables the power amplifiers. 

3 HIGH/LOW A logic "1" sets the transconductance gain 

to 1/2 while a logic "0" sets the gain to 1/ 
7. Transconductance gain is the Vr($ense) 

+ VcONTROL- 

4 RETR OUT Open collector output which pulls low 

during retract. Used to provide a braking 
signal to spindle. 

5 RET SET External set resistor to establish a voltage 

limit for the internal retract driver. 

6 GND Analog signal ground. 

7 R(SENSE) Current sense resistor terminal. 

8 V(RET) Supply pin for retract circuits. 

9 SOURCE B PNP Base drive output for inverting 

power amplifier. 

1 l(SENSE) Output of the Current Sense amplifier 

OUT 

1 1 PWR GND B Power return pin for inverting power 

amplifier B. 

1 2 SINK B Current sinking output for inverting 

power amplifier. Connects to voice coil (- 
) terminal. 

1 3 SOURCE A PNP Base drive output for non-inverting 



PIN# NAME 



FUNCTION 



power amplifier. 

Current sinking output for non-inverting 
power amplifier. Connects to voice coil 
(+) terminal. 

Power return pin for non-inverting power 
amplifier A. 

Positive input for current command. 

Positive input for current sense amplifier. 

Negative input for current command. 

Pin for external compensation capacitor. 

Pin for external compensation capacitor. 

Input for +5V for power fail detection and 
logic power supply. 

Open Collector output drives low for low 
voltage conditions. 

A logic "0" initiates retract. Also used as 
an open-collector over-temperature 
output flag. 

Input to the power fail comparator from 
a resistor divider from VCC. 



14SINKA 

15 PWR GND A 

16 CONTROL + 

17 l(SENSE) + 

18 CONTROL - 
19COMP 1 

20 COMP 2 

21 +5V 

22 POWER FAIL 



23 RETRACT 



24 12V SENSE 
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ABSOLUTE MAXIMUM RATINGS 

^Uppiy' vOitagc ^pifiS i ,0/ itv 

Voltage pins 2, 3, 23, 22 -0.3V to +7V 

pins 4, 7,8,9 ,1 2, 13, 14, 17 -0.3V to VCC 

Output Sink Current + 1A 

Retraction Current 80mA 

Retract set current (pin 5) 3 mA 

Junction temperature 150°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering 1 sec.) 260°C 

Thermal Resistance (6 JA ) 60°C/W 



OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

VCC Supply Voltage 1 0.8V to 1 3.2V 

+5 V (pin 2 1 ) Supply Voltage 4.5V to 5.5V 

V(RET) (pin 8) Supply Voltage 2.5V to 13.2V 

CONTROL + Voltage Range (pins 1 6) 0V to VCC 

CONTROL - Voltage Range (pins 1 8) 2.4V to 6.0V 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, TA=Operating Temperature Range, VCC=operating range, Rsense = ^/ Rcoil = 15Q 
CONTROL - (pin 18) = VCC/2, R SE t (pin 5) = 7.5Kft, C1=30pF, Q1=Q2= MJE210. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Amplifier 


Offset 








±12 


mA 


Common Mode Transconductance 


2V<V PIN18 <6V 




0.5 


1 


mA/V 


Gain 


pin 3 - 2V 


475 


500 


525 


mA/V 




pin 3 = 0.8V 


136 


143 


150 


mA/V 


Maximum Bandwidth 






100 




Khz 


Sinking saturation 


1out = 100mA 




0.3 


0.6 


V 




Iqut = 300mA 




0.4 


0.8 


V 




Iqut = 500mA 




0.5 


1 


V 


Sourcing saturation 


Iout = 100mA 




0.1 




V 




Iout = 300mA 




0.2 




V 




Iqut = 500mA 




0.3 




V 


Source A/B Base Drive 




20 


30 


50 


mA 


Q1/Q2 Standby Current 


P PNP =200, Vp, N16 = 5V 


1 


4 


7 


mA 


Retraction Circuit 


Turn on time 






800 




nS 


Turn off time 






8 




us 


Source Voltage 


V P |N23=0.8V, V P | N8 = 3V, l PIN7 = -50mA 


0.53 


0.75 


0.97 


V 


Sink Current 


V P |N23=0.8V, V PIN8 = 1.2V, V P1N12 = 0.6V 


36 


48 


150 


mA 


RETROUTVql 


VpiN23=0.8V, l PlN4 =1mA 






0.4 


V 


Power Fail Detection Circuit 


1 2V Threshold 




9.5 


10 


10.5 


V 


Hysteresis - 1 2V Sense 




5 


120 


190 


mV 


5V Threshold 




4.35 


4.525 


4.70 


V 


Hysteresis - 5V Sense 




5 


30 


80 


mV 


Logic Inputs and Outputs 


Voltage High (V, H ) 




2 


1.4 




V 


Voltage Low (V| L ) 






1.4 


0.8 


V 


Current High (l| H ) 


V, N =5V 






±10 


HA 


Current Low (l|[J 


V| N =0V, except pin 23 


-40 


-10 




HA 




V| N =0V, pin 23 only 


-250 


-160 




HA 


Voltage Low (pins 22, 4) 


loL = 1niA 






0.4 


V 



5-152 



tf^. Micro Linear 



ML4418 



ELECTRICAL CHARACTERISTICS (continued) 



Unless otherwise specified, T^Operating Temperature Range, VCC=operating range, Rsense =1 ^/ Rcoil = 1 5Q 
CONTROL - (pin 18) = VCC/2, R SE t (pin 5) = 7.5KQ, C1=30pF, Q1=Q2= MJE210. 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Over-Temperature Detection 


Tj Threshold 




150 


160 




°C 


Hysteresis 






30 




°c 


Current Sense Amplifier 


Voltage Offset 








±50 


mV 


Differential Mode Gain 




1.95 


2 


2.05 


v/v 


Common Mode Gain 




-44 






dB 


Current Consumption 


Pin 21 


Pin 21 =5.5V 




5 


8 


mA 


Pin 1 


VCC=13.2V, Vp, N16 = VCC/2 




8 


13 


mA 


Pin 8 


V PIN8 = 13.2V, V PlN23 = 5V 




3.5 


5 


mA 





FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4418 power amplifier circuit is set up as a Howland 
Current source with a fixed gain of 1/2 or 1/7 (set by 
driving pin 3 high or low respectively). This architecture 
yields minimal cross-over distortion while maintaining low 
output cross conduction currents. 

The gain figure refers to the ratio of input voltage to the 
output voltage seen across Rsense- F° r example, at a 1/2 
gain setting, with V(-) input at 2.5V and the V(+) input at 
3V, +500mA would flow through the coil using a 0.5Q, 
sense resistor. Under the same conditions with pin 3 low, 
the current would be 143mA. The ability to change from 
low to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

COMP 1 COMP 2 

PP 




VCC/2 



Figure 1. Power Amplifier Topology 

The output stage is designed to provide minimal saturation 
losses and employs an external PNP transistor for the 
sourcing drive and an internal saturable NPN to sink 
current. Sinking saturation drop is typically under 0.4V. 
Sourcing saturation drop depends on the external transis- 
tors used. To avoid oscillation in the output stage, PNP 
transistors with F x >50Mhz. should be used. 
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Figure 5. Output Saturation Voltage vs. Output Current 
(Q1 =Q2 = MJE210) 
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Figure 6. Output Saturation Voltage vs. Output Current 
(Q1 =Q2 = BSR31) 
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2-.3Pfe: XT R U N , 




Figure 4. Output Current : Vin = 100 Hz Sine Wave, 
2.4V P . P , Low Gain Mode (V P , N3 =0), R(SENSE) = 1Q 
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Figure 5. Output Current: V, N = 1 KHz Sine Wave, 2.4V P . P 
Low Gain Mode (V PIN3 - 0), R(SENSE) - 1Q. 
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Figure 6. Retract Source Voltage at Pin 7 vs. R(SET) 
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POWER FAIL DETECT CIRCUIT 

The ML4418 circuit consists of a precision trimmed refer- 
ence, resistor dividers and an "or function" comparator with 
hysteresis. The output (open collector) of this circuit 
appears on pin 22. When either comparator input falls 
below the 1 .5V reference, pin 22 pulls low. 

RETRACT CIRCUITS 

The ML4418 retract circuit provides for spindle EMF 
energized power fail retraction of the VCM. When pin 23 
goes low, pin 4 will pull low, providing a signal which can 
be delayed for spindle braking. The internal NPN transistor 
will saturate, pulling SINK B (pin 12) low. This portion of 
the circuit will function with less than 1 V on V(RET). An 
internal voltage limited pull-up transistor is provided which 
sources current on pin 7 to the VCM. This circuit will 
operate reliably down to a V(RET) voltage of around 2.5V, 
making the ML4418 retract circuit adequate for 12V 
systems where the spindle motor EMF provided is ad- 
equate. 

Figure 6 shows the saturation characteristics of the SINK B 
output (Rsat * 9£2) The R$at °f tne P u " down transistor 
does not vary appreciably with V(RET) voltage. Figure 7 
shows the voltage sourced at R(SENSE) during Retract vs. 
R(SET) at various V(RET) input voltages. 

CURRENT SENSE AMPLIFIER 

The current sense amplifier in the ML4418 creates a signal 
referenced to CONTROL - (normally the Vref pin of the 
system's DAC and ADC) appearing accross a resistor in 
series with the VCM. Its output is twice the voltage that 
appears between pins 1 7 and 7. 
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APPLICATIONS 

POWER AMPLIFIER COMPENSATION 

Figure 8 below shows the equivalent AC circuit for the 
current amplifier. 



v«o)0~!^>-^i) i(M)ou ^_c 



l(C) 



-D 



C(OUT) 



-D 



l(VCM) 

L(M) 
►C(M) 



l(S) 



C(S) 



R(S) 



Figure 8. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber 

The amplifier's current bandwidth is limited by Cout which 
varies with the value chosen for Rsense 



-OUT 



1197x(C COMp +3.5pF) 



R 



SENSE 



Where Ccomp is C1 between pins 19 and 20. With no 
snubber (RS and CS) the bandwidth is limited to. 



-3dB : 



_1 < 24? 
2tcV l (M)C(( 



4 

C(OUT) 



Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with a resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 



R(S) 



"I 



L(VCM) 
C(OUT) 



For a given C(S), setting R(S) to this value will minimize the 
ringing in the transient response. Larger values of R(S) will 
result in more ringing and more bandwidth. Smaller values 
of R(S) will result in more ringing and less bandwidth. 

C(S) (snubber capacitor) values of between 200nF and 1 jliF 
are usually necessary to achieve the desired reduction of 
ringing in the step resonse. At the optimum value of R(S) 
larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 

Tuning the current loop response can be easily done 
simulating the network in figure 8 with a computer simula- 
tor (such as SPICE). 
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ADDRESS 
DECODE 



MICRO- 
CONTROLLER 



WR 
XFER 



DB7 
GAIN 
GAIN 1 



Vref OUT 
Vref IN 

Vzs 

VOUT 

AGND 
DGND 



12V 

O 






JTt 



jr 



Vcc 



+ 5V 

SOURCE A 

SINK A 

PWR GND A 



RSENSE 

ML4408 

CONTROL- 

CONTROL + S ' NKB 
PWR GND B 
DISABLE 

GND SOURCE B 




FROM 

-\4 MOTOR 

WINDINGS 



Figure 9. ML4418 Used with ML2341 8-Bit Gain Ranging DAC Provides up to 13-Bit Effective Resolution 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4418CS 


0°Cto +70°C 


S20VV 
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Enhanced Sensorless BLDC Motor Controller 



GENERAL DESCRIPTION 

The ML4420 motor controller provides complete 
commutation for delta or wye wound Brushless DC 
(BLDC) motors without the need for signals from Hall 
Effect Sensors to indicate rotor position. It senses the back 
EMF of the motor windings (no neutral required) to 
determine the proper commutation phase sequence using 
PLL techniques. The ML4420 uses a patented Back-EMF 
sensing technique which will commutate virtually any 3- 
phase BLDC motor and is insensitive to PWM noise and 
motor snubbing circuitry. 

The ML4420 controls the motor current with a constant 
off-time PWM or with a microprocessor controlled 
constant frequency PWM input. The velocity loop can be 
controlled with an external microprocessor or through 
an analog feedback loop. An accurate, jitter-free, VCO 
output is provided, equal to the commutation frequency 
of the motor. The ML4420 modulates the gates of external 
N-channel power MOSFETs to regulate the motor current 
and directly drives the P-channel MOSFETs. The ML4420 
supports enhancements like a blanker circuit to prevent 
false retriggering of the one shot during a motor current 
spike and circuitry to ensure that there is no shoot through 
in any state. 



The start-up algorithm consists of measuring a fixed VCO 
frequency and externally ramping the commutation clock 
until it is equal to the VCO frequency. The timing of the 
start-up sequencing is determined by the microprocessor 
thus allowing the optimization for a wide range of motors 
and inertial loads. 

FEATURES 

■ Less than 200mW power dissipation 

■ Patented Back-EMF commutation technique provides 
jitterless torque for minimum "spin-up" time 

■ PWM motor current control 

■ Microprocessor based start-up algorithm allows for 
optimized start-up sequencing, speed control and 
support for variable motor loads 

■ Back-EMF comparator output senses motor rotation 
after power fail for fast re-lock after brownout 

■ Onboard power fail detect monitor 

■ Onboard motor braking circuit allows 'life' braking 
on command 

■ Drives external N-ch & P-ch FETs 

■ Enhanced version of the ML441 & ML441 1 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4420 
28-Pin SOIC (S28W) 



l(SENSE) H 

pi cr 

P2 cr 

P3 cr 

vec n 

C(BRK) IX 
R(BRK) CT 

+5v cr 
ni cr 
N2 cr 
N3 cr 

PWM CX 
VCO/CMCLK CT 

VCC2 cr 



XI GND 



ID DIS PWR 

XI Cqs 

X] BRAKE 
X] PH3 
XI PH2 
X] PH1 
XI l(LIMIT) 
X]RC 



XI ENABLE E/A 
XI PWR FAIL 
X] RESET 

XJtach 
^Cvco 



TOP VIEW 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



PIN# NAME 



FUNCTION 



1 l(SENSE) Motor current sense input 

2 P1 Drives the external P-Channel 

transistor driving motor PH1 

3 P2 Drives the external P-Channel 

transistor driving motor PH2 

4 P3 Drives the external P-Channel 

transistor driving motor PH3 

5 VCC 1 2V power supply. Terminal which is 

sensed for power fail 

6 C(BRK) Capacitor which stores energy to 

charge N-Channel MOSFETs for 
braking with power off 

7 R(BRK) External resistor to C(BRK) to drive 

NMOS during braking 

8 +5V 5V power supply input 

9-11 N1,N2N3 Drives the external N-channel 
MOSFETs for PH1, PH2, PH3 



1 7 RESET Input which holds the VCO off and 

sets the IC to the RESET condition 
(refer table 1 ) 

1 8 PWR FAIL A "0" output indicates 5V or 1 2V is 

under- voltage. This is an open 
collector output with a 4.5kQ pull-up 
to+5V 



12 PWM 



TTL input of PMW signal 



1 3 VCO/CMCLK Logic Output from VCO serves as an 

input pin for the commutation clock 
used in start-up sequencing 

1 4 VCC2 1 2V power and power for the braking 

function 

1 5 Cyco Timing capacitor for VCO 

1 6 TACH Logic Output from TACH comparator 



1 9 ENABLE E/A A "0" logic input enables the error 

amplifier and closes the Back-EMF 
feedback loop (refer table 1 ) 

20 RC VCO loop filter components 

21 l(LIMIT) Sets the threshold for the PWM 

comparator 

22 PH1 Motor Terminal 1 

23 PH2 Motor Terminal 2 

24 PH3 Motor Terminal 3 

25 BRAKE A "0" activates the braking circuit 

26 Cos Timing capacitor to GND and resistor 

to +5V, for fixed off-time PWM current 
control 

27 DIS PWR A logic on this pin turns off the N 

and P outputs and causes the TACH 
comparator output to appear on 
TACH OUT 

28 GND Signal and Power Ground 
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OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

VCC Voltage +1 2V (pin 1 4) 1 2V ± 1 0% 

+5V(pin8) 5V±10% 

I Control Voltage Range (pins 1 3, 21) 0V to 7V 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 5, 14) 14V 

Output Current (pins 2, 3, 4, 9,10,11) ±150mA 

Logic Inputs (pins 1 4, 1 7, 1 8, 25) -0.3 to 7V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) 150°C 

Thermal Resistance (9 JA ) 60°C/W 



ELECTRICAL CHARACTERISTICS 



Unless otherwise specified, T^= Operating Temperature Range, VCC = VCC2 
Cos = 0.001 yf, Ros = 10kO 


= 12V, R S ENSE=1G/CvCO = 0.01 


HF, 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator (VCO) Section 


Frequency vs. Vp^o 


1V<Vp| N20 ^10V 




300 




Hz/V 


Frequency 


Vvco = 6V 


1450 


1800 


2150 


Hz 




Reset mode 


70 


140 


210 


Hz 


Sampling Amplifier (note 1) 


Vrc 


State R 


400 


500 


600 


mV 


Irc 


State A, Vrh2 = 4V 


30 


50 


70 


MA 




State A, VpH2 = 6V 


-13 


2 


13 


uA 




State A, V P H2 = 8V 


-30 


-50 


-70 


uA 


Motor Current Control Section 


l(SENSE) Gain 


Vp, N2 i = 2.5V 


4.5 


5 


5.5 


V/V 


One Shot off time 




8 


12 


16 


MS 


Power Fail Detection Circuit 


12V Threshold 




9.1 


9.8 


10.5 


V 


Hysteresis 






150 




mV 


5V Threshold 




3.8 


4.25 


4.5 


V 


Hysteresis 






70 




mV 


Logic Inputs 


Voltage High (V, H ) 




2 






V 


Voltage Low (V|l) 








0.8 


V 


Current High dm) 


V lN = 2.7V 


-300 


1 


300 


ma 


Current Low (Ijl) 


V iN = 0.4V 


-150 





150 


ma 


Braking Circuit 


Brake Active Threshold 




1.0 


1.4 


1.8 


V 


PIN 25 Bias Current 


V P |N25 = 0V 


-10 


0.3 


10 


MA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Operating Temperature Range, VCC = VCC2 = 1 2V, RseinSE : 
Cqs = 0-001 M^ Ros = 1 0kft 



,= 0.( 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outputs l(LIMIT) = 2.5V 


lp low 


V P = 2V 


0.5 




1.2 


mA 


Vp high 


I p = -10llA 


VCC2-1V 






V 


P3 Comparator Threshold 




VCC2 - 3.6V 




VCC2 - 2.4V 


V 


V N high 


Vpini = ov 


VCC -3.2 


10 


VCC - 1 .2 


V 


V|si low 


In = 1mA 




0.2 


0.7 


V 


LOGIC low (Vql) 


Iqut = 0.4mA 






0.5 


V 


VCO/TACH Vqh 


I O ut = 100liA 


2.4 






V 


POWER FAIL Vqh 


I O ut = 10liA 


V P ,N8-0.2 


V P |N8-0.1 


V PIN8 


V 


Supply Currents (N and P outputs open) 


5 V Current 






16 


25 


mA 


VCC Current 






1 


2 


mA 


VCC2 Current 






8 


16 


mA 


Note 1. For explanation of states, see Figure 5 and Table 1 . 



SUMMARY OF ENHANCEMENTS 
IN ML4420 OVER THE ML4411 

1 . Lower power dissipation, 200mW versus 450mW in 
theML4411. 

2. Accurate and customized start-up by using 
commutation clock provided by the microprocessor 
instead of relying on Iramp a s ' n the ML4411 . 

3. True braking function which is biased by TOB, to 
allow braking block to work under a power loss 
situation. 

4. ML4420 adds hysteresis into braking comparator to 
accelerate the transition as soon as the (Vth) 
threshold is reached. 

5. ML4420 adds comparator to prevent the PMOS from 
coming "ON" when the braking is active. 

6. ML4420 adds active pull-up to the P output to 
replace the resistor pull-up in ML4411 . 

7. ML4420 enhances pull-down capability to the N 
output to prevent injected shoot through (only 3 mA 
intheML4411). 

8. ML4420 adds comparator to prevent P3 N3 shoot 
through during reset to state A transition. 

9. The one-shot accuracy in the ML4420 is improved 
over the ML4411's. 

1 0. ML4420 adds a blanker circuit to one-shot to 
prevent it from false triggering which occurrs when 
large starting currents cause noise coupling to the 
chip. 

11 . Directly controls speed through external PWM input. 



FUNCTIONAL DESCRIPTION 

The ML4420 provides closed-loop commutation for 
3-phase brushless motors. To accomplish this task, a 
VCO, Integrating Back-EMF Sampling error amplifier 
and sequencer form a phase-locked loop, locking the 
VCO to the back-EMF of the motor. The IC also contains 
circuitry to control motor current with either constant 
frequency or constant off-time PWM modes. Braking and 
power fail detection functions are also provided on chip. 
The ML4420 is designed to drive external power 
transistors (N-channel sinking transistors and P-Channel 
sourcing transistors) directly. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal, phased-locked to the commutation 
frequency of the monitor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4420 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2 below) to determine whether to increase 
or decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 to discharge. Analog speed 
control loops can use Pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 5kQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 
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ROTATION 
SENSE 



NEUTRAL 
SIMULATOR 



OA + OB + PC 
6 



MULTIPLEXER 



^S- 



-on 



D 



VCO/CMCLK 



TA CH 



SIGN 
CHANGER 



COMMUTATION 
LOGIC 




HRC) = 




GO 



<h 



RST0EN 

Figure 1 . Back-EMF sensing block diagram 



a 







7 



60 120 180 240 



Figure 2. Typical motor phase waveform with Back-EMF 
superimposed (Ideal Commutation) 



VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than VCCmin - 1 V. The 
VCO maximum frequency will be: 

Fmax = 0.05 x POLES xRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 



The minimum VCO gain derived from the specification 
table (using the minimum Fyco at Vvco = 6V) is: 



K VCO(MIN) 



.2.42x10-6 



Cvco 
Assuming that the V V co(MAX) = 8.0V, then 

. 8.0 x 2.42 x10~ 6 



-vccr 



436 



-VCO poLES x RPM 



^ 



(Hz) 

i hi u> 

I § § 


























U 

| 1500 

2f 




cvco* 


= 0.01nF 




















500 









CVCO 


= 0.02^F 

















2 4 6 8 10 12 

Vvco (VOLTS) 

Figure 3. VCO Output Frequency vs. Vvco (P m 2 °) 
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Cm = 1.25x10-* 




Fvco-<- 



Kvco(HZ/V) 

Figure 4. Back EMF Phase Lock Loop Components 



Figure 4 above shows the transfer function of the Phase 
Lock Loop with the phase detector formed from the 
sampled phase through the Gm amplifier with the loop 
filtered formed by R, Q, and C2. 

The impedance of the loop filter is 



Zrc(s) = 



1 (s + (Qlead) 



Qs (s + © L ag) 
Where the lead and lag frequencies are set by: 



G>LEAD 



©LAG = 



1 
RC 2 

Q + c 2 

RQC 2 



START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained. The following steps are a typical 
procedure for starting a motor which is at rest. It is 
possible to determine if the motor is running by 
polling the TACH OUT pin 1 6 with power disabled 
(Pin 27 = low). 

STEP 1 The IC is held in reset state until the platters are 
steady by setting pin 1 7 and pin 1 9 to a 'V , with 
full power applied to the winding (see figure 5). 
This aligns the rotor to a position which is 30° 
(electrical) before the center of the first 
commutation state. Pin 20 is held at 0.5V 
internally. Microprocessor needs to measure 
VCO frequency by setting pin 27 to a 'V and 
then store it. 

STEP 2 Setting pin 1 7 to a '0' and pin 1 9 to a '1 ' holds 
the IC in a ramping state. Microprocessor sends 
starting commutation clock to pin 1 3 which is 
an input pin in this state. This clock frequency is 
gradually increasing until it reaches the VCO 
frequency previously stored in Step 1 . 

STEP 3 As soon as commutation clock reaches the VCO 
frequency of Step 1, pin 19 is switched to "0" 
while pin 1 7 remains '0'. Now the PLL is closed 
and the VCO is locked to the Back EMF. Pin 1 3 
becomes an output pin. Thus the commutation 
clock from the microprocessor should be held in 
tri-state. 
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Table 1 Commutation, Braking and PLL States 





OUTPUTS 


INPUT 


STATE 


N1 


N2 


N3 


P1 


P2 


P3 


SAMPLING 


RORO 


OFF 


ON 


OFF 


ON 


OFF 


ON 


N/A 


A 


OFF 


OFF 


ON 


ON 


OFF 


OFF 


PH2 


B 


OFF 


OFF 


ON 


OFF 


ON 


OFF 


PH1 


C 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


PH3 


D 


ON 


OFF 


OFF 


OFF 


OFF 


ON 


PH2 


E 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


PH1 


F 


OFF 


ON 


OFF 


ON 


OFF 


OFF 


PH3 



Table 2 Start-up Sequence 



STATE 


ENABLE 
PIN 19 


RESET 
PIN 17 


PIN20 (RC) 


vco 


COMMUTATOR 


RESET 


1 


1 


0.5V 


RUNNING 
PER VPIN20 


IN RESET STATE 


RAMP 


1 





0.5V 


PRESET 


CLOCKED FROM 
COMMUTATION CLOCK 


RUN 








DRIVEN BY 
PLL 


RUNNING 
PER V P , N20 


SEQUENCED BY 
VCO 


BRAKE 





1 


X 


X 


X 



C(VCO) 

VCO OUT 

COMM CLK 

ENABLE EA 

RESET 

OVERALL STATE 

COMMUTATOR 
STATE 




ANY STATE A THROUGH F- 



Figure 5. Start up sequencing (from stop) 
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OPEN-LOOP 
(STEPPING) 



CLOSED LOOP 




Figure 6. Typical Start-up Sequence 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 

PWM CURRENT CONTROL 

To facilitate speed control, the ML4420 has a PWM input 
pin to receive a constant frequency PWM signal generated 
from an external speed control loop. 

The ML4420 also includes a current mode constant off- 
time PWM circuit. When motor current builds to the 
threshold set on l(LIMIT) input (pin 21), a one-shot is fired 
whose timing is set by Cos and Ros where 

t FF = 1 .3 x Rqs x Cos 



OUTPUT DRIVERS 

The motor's source drivers (PI thru P3) arc NPN emitter 
followers. N3 is inhibited until P3 is within 3V (typ) of 
VCC2. Drivers N1 through N3 are totem-pole outputs 
capable of sinking 10mA. Switching noise in the external 
MOSFETs is reduced by an internal 4K£2 resistor in series 
with the sourcing NPN to form an RC time constant with 
the N-Channel gate capacitance. 

BRAKING 

As shown in Figure 7 the braking circuit pulls the N- 
channel MOSFET Gates high when the BRAKE pin falls 
below a 2 x Vbe threshold (Vth). After a power failure, 
C(DLY) is discharged slowly through R(DLY) providing a 
delay for retract to occur before the braking circuit is 
activated. The P-channel MOSFETs are turned off well 
before braking occurs. As soon as the Vth threshold is 
reached, the braking comparator with hysteresis will 
accelerate the transition and tri-state the N-channel buffer 
(B1 , refer figure 7) before C(BRK) dump charges into the 
N-channel Gates. This is to ensure that no charge from 
C(BRK) is lost through the pull-down transistors in B1, 
(figure 7). The C(BRK) will continue charging the N- 
channel Gates, to ensure braking, even when VCC2 
(motor BEMF rectified through the MOSFET body diode), 
drops due to the braking process. An external signal could 
be used to brake the motor. To accomplish this set pin 1 7 
= '1 ', pin 1 9 = '0'. This will pull pin 26 below the 
threshold to activate the braking circuit. 



The l(SENSE) input pin should be kept below 1 V. If 
l(SENSE) goes above 1 V, a bias current of about -300liA 
will flow out of pin 1 and the N outputs will be inhibited. 
Bringing l(SENSE) below 0.7V returns the bias current to 
its normal level For this reason, the noise filter resistor on 
the l(SENSE) pin (1 kQ on Figure 8) should be less than 
1 .5kQ. 

The noise filter time constant should be great enough to 
filter the leading edge current spike when the N-FETs turn 
on but small enough to avoid excessive phase shift in the 
l(SENSE) signal. 
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Figure 7. PWM Current Control, Gate Drive and Braking Circuits 



APPLICATIONS 

Figure 8 shows a typical application of the ML4420 in a 
hard disk drive spindle control. The timing needed to start 
the motor in most applications would be generated by a 
microcontroller. 

Speed control can be accomplished either by: 

1 . Sensing the VCO OUT frequency with a 
Microcontroller and adjusting the duty cycle of PWM 
signal sending into PWM pin. 

2. Using analog circuitry for speed control. (Fig. 9) 

OUTPUT STAGE HINTS 

In the circuit in Figure 8, Q1 , Q2 and Q3 are IRFR9024 or 
equivalent. Q4, Q5 and Q6 are IRFR024 or equivalent. 
New MOSFET packaging technology such as the Little 
Foot® series may decrease the PC board space. These 



packages, however have much lower thermal inertia and 
dissipation capabilities than the larger packages, and care 
should be taken not to exceed their rated current and 
junction temperature. 

Since the output section in a full bridge application 
consists of three half-H switches, cross-conduction can 
occur. Cross conduction is the condition where an N-FET 
and P-FET in the same phase of the bridge conduct 
simultaneously. This could happen under two conditions 
(see Figure 10): 

1 . When transitioning from mode to mode A (see 
table 1 ) P3 goes from on to off at the same time N 3 
goes from off to on. If P3 turns off slowly and N3 turns 
on quickly, cross conduction may occur. This 
condition has been prevented inside the IC on the 
ML4420 through the addition of comparator A6 on 
the P3 output (Fig. 7). 
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When the MOSFET in the same phase switches on 
gate current flows due to capacative coupling of 
current through the MOSFET's drain to sate 
capacitance. This could cause the MOSFET that was 
off to be turned on. 

In condition 2 above, the P-channel MOSFET is 
pulled up inside the ML4420 by a NPN follower with 
base pulled up to VCC2 via 16K£1 If the current 
through Cdgp is greater than the Vthp M os/1 6KQ/Beta 
NPN, when the N-FET turns ON, the P-FET could be 
turned ON simultaneously, causing cross-conduction. 
The same mechanism can be applied to N-FET when 



P-FET is turned ON. The ML4420 is designed to 
take care of both the cases through slow turn-on, fast 
turn-off schemes ie P-FET Gate is pulled down by an 
800llA current source and the N-FET Gate is charged 
up by an emitter follower in series with 4KQ. 

Figure 1 shows the output stages and the potential causes 
of cross-conduction. The diode D1 shown, may be 
needed for high power applications to limit the negative 
current pulled (through Cdgn) out of the substrate diode in 
the ML4420 when P-FET turns off. 




hp>X^- 



T ~[""°- 



-« ENABLE ERROR AMP 

-« RESET (FROM MICRO) 

-^> POWER FAIL TO MICRO 

-» TACHOUT 

-<< DISABLE POWER 



Figure 8. ML4420 Typical Application 
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PIN 20f- 




T 
I 



-^ TO PIN 12 
ML4412 




Figure 9. Voltage Controller PWM Generator 



Figure 1 0. Causes of Cross-conduction 



2x(+V)LI|^h, 




Figure 11. ML4420 Unipolar Drive Application 
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UNIPOLAR OPERATION 

Unipolar mode offers the potential advantage of lower 
motor drive cost by only requiring the use of 3 transistors 
to drive the motor. The ML4420 will operate in unipolar 
mode (Figure 11) provided the following precautions are 
taken: 

1 . The IC supplies should not exceed 1 2V + 1 0%. 

2. The phase pins on the IC should not exceed the 
supply voltage. 

In unipolar operation, the motor's windings must be 
allowed to drive freely to: 

V <D(MAX) = VsuPPLY (MAX) + V EMF (MAX) 

Therefore, there can be no diodes to clamp the inductive 
energy to Vsupply- This energy must be clamped, 
however, to avoid an over-voltage condition on the 
MOSFETs and other components. Typically, a V(CLAMP) 
voltage is created to provide the clamping voltage. The 
inductive energy may either be dissipated (Figure 12) or 
alternately efficiently regenerated back to the system 
supply (Figure 13). 

The circuit in Figure 11 is designed to minimize the 
external components necessary, at some compromise to 
performance. The 3 resistors from the motor phase 



windings to the PH inputs work with the ML4420's 5K£2 
internal resistance to ground to divide the motor's phase 
voltage down, providing input signals that do not exceed 
12V. This circuit uses analog speed regulation. The "one 
shot" circuitry to time the reset is re placed by a d iode and 
RC delay from the rising edge or the POWERFAIL signal. 
The error amplifier is left enabled continuously since at 
low speeds its current contribution is negligible. The 
current injected into the loop filter must be greater than 
the leakage current from the phase detector amplifier for 
the motor to start reliably. 



HIGHER VOLTAGE MOTOR DRIVE 

To drive a higher voltage motor, the same precautions 
regarding ML4420 voltage limitations as were outlined for 
Unipolar drive above should be followed. Figures 14-16 
provide several methods of translating the ML4420's P 
outputs to drive a higher voltage. 



V(CLAMP) = 



+24V 

T 


5V 
REG 


+5V 


4^+1 2V 
12V, 1 




10JL o.i£_ 






I I 


BATTERY • 


C1 


+12VTO 






12V 
L.D.O. 


VCC AND VCC2 




J).1 


1000 T o.i T 



I I 











5V 
REG 


V(CLAMP) = +24V|— ' 




LJ 


1 r 




50% DUTY \V 








CYCLE " 

12V 




BATTERY 


1 

0.11 




| 






12V 
L.D.O. 






1 



Figure 1 2. Dissipative Clamping Technique 



Figure 1 3. Non-Dissipative Clamping Technique 
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Figure 14. High Voltage Translation using PNP 
Power Transistor 



Figure 15. High Voltage Translation using "Composite" 
PNP Power Transistor 




Figure 16. High Voltage Translation with NPN 
Darlingtion 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4420CS 


0°C to +70°C 


28-PIN SOIC (S28W) 
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ADVANCE INFORMATION 

M.L4425/ML4426 



Sensorless BLDC PWM Motor Controller 



GENERAL DESCRIPTION 

The ML4425/ML4426 PWM motor controllers provide all of 
the functions necessary for starting and controlling the speed 
of delta or wye wound Brush less DC Motors (BLDC) without 
Hall Effect Sensors. 

Back EMF voltage is sensed from the motor windings to 
determine the proper commutation phase sequence using 
PLL techniques. The patented Back-EMF sensing technique 
used will commutate virtually any 3-Phase BLDC motor and 
is insensitive to PWM noise and motor snubbing circuitry. 

The ML4425/ML4426 limits the motor current with a 
constant off-time PWM controlled current. The velocity 
loop is controlled with an on-board amplifier. An 
accurate, jitter-free, VCO output is provided equal to the 
commutation frequency of the motor. The ML4425/ 
ML4426 switches the gates of external N-channel power 
MOSFETs to regulate the motor current and directly drives 



FEATURES 

■ Stand-alone operation 

■ Forward and reverse operation: ML4426 

■ Current limit input: ML4425 

■ Motor starts and stops with power to IC 

■ On-board start sequence: Align -» Ramp — > Set Speed 

■ Patented Back-EMF commutation technique provides 
jitterless torque for minimum "spin-up" time 

■ Simple variable speed control 

■ On-board voltage reference: 6.9V 

■ Single External Resistor Sets all Critical Currents 

■ On-board speed control loop 



BLOCK DIAGRAM/TYPICAL APPLICATION 



PWM CURRENT 

CONTROL 
AND ONE SHOT 



■L Hi-* 

- v* [BRAKE ' 1 1 ' | AND ONE SHOT 



LOW SIDE 
GATE DRIVE 



4n]- 



T 1s ALIGN 



2s RAMP 
0.47nF 



OFF TIME 
IflF lOOpF 



Ilimit 

i ML4425 



I — |GND 

a 1a "=" 0.5V THRESHOLD 

^WV " 




POWER 
DRIVERS 



ZZ 300pF 



Rlimit 
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GENERAL DESCRIPTION (Continued) 



FEATURES (Continued) 



the P-channel MOSFETs for 1 2V motors. Higher voltage 
motors are driven using buffer transistors or standard 
"High side" drivers. 

The ML4425/ML4426 has a blanker circuit to prevent false 
retriggering of the one shot during a motor current spike 
and circuitry to ensure that there is no shoot through in 
any state of the power drive FETs. 

The timing of the start-up sequence is determined with 
one current setting resistor and two timing capacitors thus 
allowing for simple optimization for a wide range of 
motors and loads. 



■ PLL used for commutation provides noise immunity 
from PWM spikes, compared to noise sensitive zero 
crossing technique 

■ PWM control for maximum efficiency 

■ Under- voltage fault output 

■ 1 2 volt operation 

■ Direct FET drive for 1 2V motors 

■ Drives high voltage motors with IC buffers from IR, 
IXYS, Harris, Power Integration, Holt, Siliconix, etc. 

■ Industrial temperature range -40°C to +85°C is 
available 

■ Available in 28-pin DIP and SOIC packages 



PIN CONFIGURATION 



ML4425 

28-Pin SOIC (S28W) 

28-Pin Molded Narrow DIP (P28N) 



ML4426 

28-Pin SOIC (S28W) 

28-Pin Molded Narrow DIP (P28N) 




X PH3 

XI PH2 
ID PHI 

X Cramp 

XI RCvco 

™ X C EN 
18 XviS 
17 X Crst 
X RvCO 




X PH3 
23 X PH2 
22 X PH1 

21 X Cramp 

20 X RCVCO 
19 X CEN 

18 XvfIt 
17 X Crst 
16 X RvCO 
15 |X Cvco 



TOP VIEW 
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PIN DESCRIPTION 

PIN# NAME FUNCTION 



PIN# NAME 



FUNCTION 



1 'sense Motor current sense input. Ilimit 

occurs when this pin is approximately 
0.5V. 

2 P1 Drives the external P-channel 

transistor driving motor PH1 . 

3 P2 Drives the external P-channel 

transistor driving motor PH2. 

4 P3 Drives the external P-channel 

transistor driving motor PH3. 

5 RCpw/vt The resistor/capacitor combination on 

this gm amplifier sets the pole-zero of 
the speed loop in conjunction with a 
gm of 0.385mmho. 

6 Cose This capacitor sets the PWM oscillator 

frequency. A 1 nF capacitor will set the 
frequency to approximately 25KHz. 

7 Vref This voltage reference output can be 

used to set the speed reference voltage. 

8 Vspeed This input to the amplifier in the speed 

loop controls the speed target of the 
motor. 

9-11 N1,N2, N3 Drives the external N-channel 
MOSFETsforPH1 / PH2, PH3. 



12 F/R 

12 'limit 

13 VCO 

14 V cc 



For the ML4426, the forward/reverse 
pin controls the sequence of the 
commutation states and thus the 
direction of motor rotation. 

For the ML4425, this pin is internally 
set to 2.5V which sets the Isense 
threshold to 0.5V. This voltage can be 
lowered externally to reduce the Isense 
threshold. 

This logic output indicates the 
commutation frequency of the motor. 

1 2V power supply. 



1 5 Cyco Timing capacitor for VCO 

1 6 Rvco The resistor on this pin sets a process 

independent current to generate a 
repeatable VCO frequency. 

1 7 Crst A 0.75uA current from this pin will 

charge a capacitor to 1 .5V. This is the 
time the device will remain in reset 
mode. Connecting this pin to ground 
forces the chip to the reset state. 

1 8 Vft A logic "0" indicates the power supply 

is under- voltage. A logic "1 " is > 3.5V. 

1 9 Cen After Crst has timed out a 0.75uA 

current from this pin will charge a 
capacitor to 1 .5V. This is the time the 
device will remain in the ramp mode. 

20 RCyco VCO loop filter components. A 0.5uA 

current from this pin will ramp the 
VCO after Crst has timed out. 

21 Cramp This capacitor can be used if necessary 

to reduce the ramp speed to enhance 
start-up in high RPM applications. It is 
logic low until Cen times out. 



22 


PH1 


Motor Terminal 1 


23 


PH2 


Motor Terminal 2 


24 


PH3 


Motor Terminal 3 


25 


BRAKE 


A "0" activates the braking circuit 


26 


Cos 


A 30uA current from this pin will 



charge a timing capacitor to GND for 
fixed off-time PWM current control 

27 Rref This resistor sets constant currents on 

the device to reduce process 
dependence and external components. 
The 1 37K resistor sets the previously 
mentioned current levels. 

28 GND Signal and Power Ground 
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OPERATING CONDITIONS 

Temperature Range 

ML4425CS/ML4426CS/ 

ML4425CP/ML4426CP 0°C to 70°C 

ML4425IS/ML4426IS/ 

ML4425IP/ML4426IP -40°C to 85°C 

VCC Voltage +1 2V (pin 1 4) 1 2V ± 1 0% 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pin 14) 14V 

Output Current (pins 2, 3, 4, 9,10,11) ±50mA 

Logic Inputs (pins 1 7, 1 9, 25) -0.3 to 7V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) 150°C 

Thermal Resistance (9 JA ) 60°C/W 



ELECTRICAL CHARACTERISTICS 



Unless otherwise specified, T^= Operating Temperature Range, Vcc = 1 2V, Rsense = 1Q/ 
R REF = 137kQ 


C V co = 0.01 uf, Cos = 


100pF, 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 



Oscillator (VCO) Section (V PIN16 = 5V) 












Frequency vs. Vpin 20 


1V<V P , N20 <7V 




300 




HzA/ 


Frequency 


Vvco = 6V 


1450 


1800 


2150 


Hz 



Sampling Amplifier (Note 1 ) 



Vrc 


State R 




125 


250 


mV 


•rc 


Ramp 




0.5 




uA 




Vpini9 = 5V, State A, V PH 2 = 4V 


30 


50 


70 


uA 




Vpini9 = 5V, State A, V PH 2 = 6V 


-13 


2 


13 


uA 




VpiNi9 = 5V, State A, V PH 2 = 8V 


-30 


-50 


-70 


^A 



Motor Current Control Section 



l(SENSE) Gain 


V P | N12 <2.5V 


4.5 


5 


5.5 


VA/ 


One Shot Off Time 




8 


12 


16 


us 



Power Fail Detection Circuit 



12V Threshold 




9.1 


9.8 


10.5 


V 


Hysteresis 






150 




mV 



Logic Inputs 



Voltage High (V !H ) 




2 






V 


Voltage Low (V|l) 








0.8 


V 


Current High (I|h) 


V, N = 2.7V 


-300 


1 


300 


uA 


Current Low (l| L ) 


V| N = 0.4V 


-150 




150 


uA 



Braking Circuit 



Pin 25 Bias Current 



V P |N25 = 0V 



-10 



0.3 



10 



MA 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outputs (l C MD = 'limit = 2.5V) 


Ip Low 


ML4425 


V P = 2V 


0.5 




1.2 


mA 




ML4426 


V P = 2V 


4.0 




7.0 


mA 


Vp High 


l P = -IOnA 


Vcc-1 






V 


P3 Comparator Threshold 




Vcc-3.6 




Vcc-2.4 


V 


V N High 


V P |N12 = 0V 


Vcc-3.2 


10 


Vcc-1 .2 


V 


V|s| Low 


In = 1mA 




0.2 


0.7 


V 


LOGIC Low (Vol) 


Iqut = 0.4mA 






0.5 


V 


VCO/Vqh 


I O ut = -100uA 


2.4 






V 


POWER FAIL Vqh 


i OU t = -ioma 


3.5 




6.5 


V 


Speed Control 


FPWM (Pin 6) 


Cqsc = 1 nF 




28 




kHz 


gm Current (Pin 5) 




±10 




±15 


uA 


Vref 






6.9 




V 


Start-Up 


'CRST 






0.75 




uA 


Vth Crst 






1.5 




V 


'CEN 






0.75 




HA 


Vth Cen 






1.5 




V 


Supply Current 


VCC Current 






32 


50 


mA 



Note 1. For explanation of states, see Figure 5 and Table 1 . 
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FUNCTIONAL DESCRIPTION 

The ML4425/ML4426 provides closed-loop commutation 
for 3-phase brushless motors. To accomplish this task, a 
VCO, integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor speed in PWM mode. Braking and power 
fail detection functions are also provided on chip. The 
ML4425/ML4426 is designed to drive external power 
transistors (N-channel sinking transistors and P-channel 
sourcing transistors) directly. 

Start-up timing sequence is accomplished by means of 2 
timing capacitors charged by currents sources on the 
device. Crst determines the time the motor stays in align 
mode and Cen determines the time the motor will ramp 
before the speed set loop closes. Once the speed loop 
closes the N-channels are in a PWM mode to control the 
motor current. The voltage set on V$peep will force the 
same voltage on RCyco t0 control speed. 

Speed sensing is accomplished by monitoring the output 
of the VCO, which will be a signal which is phased- 
locked to the commutation frequency of the motor. 

BACK-EMF SENSING AND COMMUTATOR 

The ML4425/ML4426 contains a patented back-EMF 
sensing circuit which samples the phase which is not 
energized (Shaded area in figure 2) to determine whether 
to increase or decrease the commutator (VCO) frequency. 
A late commutation causes the error amplifier to charge 
the filter (RC) on pin 20, increasing the VCO input while 



early commutation causes pin 20 discharge. The analog 
speed control loop uses pin 20 as a speed feedback 
voltage. 

The input impedance of the three PH inputs is about 8kQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed Vco 



1 



7 



60 120 180 240 300 

Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 




NEUTRAL 
SIMULATOR 



3>A + <t>B + OC 
6 



SIGN 
CHANGER 



Q> 




00 



COMMUTATION 
LOGIC 



B 



4>Hi°] 



Figure 1 . Back EMF Sensing Block Diagram 
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COMPONENT SELECTION GUIDE 

In order to properly select the critical components for the 
ML4425/ML4426 you should know the following things: 

1 . The motor operating voltage. 

2. The maximum operating current for the motor. 

3. The number of poles the motor has. 

4. The back EMF constant of the motor. 

5. The torque constant of the motor. (This is the same 
as the back EMF constant, only in different units.) 

6. The desired speed of operation. 

7. The moment of inertia of the motor and its load. 

8. The coefficient of viscous friction. 

If you do not know one or more of the above values, it is 
still possible to pick components for the ML4425/ML4426, 
but some experimentation may be necessary to determine 
the optimal value. All quantities are in SI units unless 
other wise specified. The formulas in the following section 
are based on linear system models. Since Coulomb 
friction is not a linear phenomenon, large amounts of 
friction in a system may require values different from 
those given below. The following formulas should be 
considered a starting point from which you can optimize 
your application. 

R SENSE 

The function of Rsense is to provide a voltage proportional 
to the motor current, for current limit/feedback purposes. 
The trip voltage across Rsense IS °-5V so: 



r sense = 



0.5 
'max 



'max is the maximum motor current. 

The power dissipation is obviously Imax squared times 
Rsense/ so the resistor should be sized appropriately. For 
very high current motors, a smaller resistor can be used, 
with an op-amp to increase the gain, so that power 
dissipation in the sense resistor is minimized. 

In the ML4425, the trip voltage across Rsense can be 
modified with a voltage applied to the Ilimit P' n / P ,n 1 2 - 
There is a gain of 5 in the Isense path so that 2.5V on pin 
12 corresponds to a 0.5V trip voltage across Rsense- An 
on the Ilimit P' n ' s » 6KQ. 

Isense FILTER 

The Isense fi' ter consists of an RC lowpass filter in series with 
the current sense signal. The purpose of this filter is to filter 
out noise spikes on the current, which may cause false 
triggering of the one shot circuit. It is important that this filter 
not slow down the current feedback loop, or destruction of 
the output stage may result. The recommended values for 
this circuit are R = 1 KQ and C= 300pF. This gives a time 
constant of 300ns, and will filter out spikes of shorter 
duration. These values should suffice for most applications. 
If excessive noise is present on the Isense P' n > tne capacitor 
may be increased at the expense of speed of current loop 
response. The filter time constant should not exceed 500ns 
or it will have a significant impact on the response speed of 
the one shot current limit. 



Cos 

The one shot capacitor determines the off time after the 
current limit is activated, i.e. the voltage on the Isense P ,n 
exceeded 0.5V. The following formula ensures that the 
motor current is stable in current limit: 

1.nx10- 6 xV M oTOR-5x10- 6 
OS 947.4 

Cos is in Farads 

This is the maximum value that Cos should be. Higher 
average torque during the current limit cycle can be 
achieved by reducing this value experimentally, while 
monitoring the motor current carefully, to be sure that a 
runaway condition does not occur. This runaway 
condition occurs when the current gained during the on 
time exceeds the current lost during the off time, causing 
the motor current to increase until damage occurs. For 
most motors this will not occur, as it is usually a self 
limiting phenomenon. 

Cvco 

As given in the section on the VCO and phase detector: 



Cvco = 



315x10" 6 
NxRPM 



Where N is the number of poles in the motor, and RPM is 
the motor's maximum operating speed in revolutions per 
minute. 

RESET CAPACITOR 

The function of the reset capacitor is to provide a time 
delay, during which the ML4425/ML4426 will align the 
rotor to a known position. During this time period the 
ML4425/ML4426 turns on two of the upper and one of the 
lower output drivers. This results in a fixed current in the 
windings, a stationary magnetic field, and a locked rotor. 
If the position is not at a torque null during the reset 
period, it will require some time to move to the locked 
' position, and settle. This time period is dependent on the 
motor, the load, the friction and eddy current losses, and 
current limit setting. A good starting point for a value for 
the reset capacitor is: 



C = - 



1.5x10~ 6 



§x NxKxtxI MA x 
V rcxj 

The 8 factor is known as the damping factor, and can 
range from 0.1 in a motor with very little damping to 0.9 
in a heavily damped motor. Kt is the torque constant in 
N x M/Amp, Imax is the motor current in current limit, 
and J is the moment of inertia of the motor and the load. 
If you don't know the damping factor, try a value of 0.3 
initially. If you don't know the moment of inertia, start 
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with a 1uJ capacitor. In any case, if the motor has come 
to a full stop well before the ramp up period, you can 
decrease this value. If the motor does not stop before 
ramp up, you must increase this value until it does. 
Motors with very little friction or damping and a large 
inertia! load tend to require larger values of capacitance 
here. 

ENABLE CAPACITOR 

This capacitor provides a time delay after the reset period 
for the motor to ramp up to speed. The following equation 
gives an approximate starting value for this capacitor. If 
starting is not reliable, this capacitor may be increased 
until it is. If starting is reliable and minimum spin up time 
is important, this value can be decreased experimentally 
to find the minimum practical value. Motors with a large 
amount of friction or a large inertia will tend to need 
larger capacitors. 

r _ 55.85 xNx(C1 + C2) 
CeN " Kv 

Where N is the number of poles in the motor, C 1 and C2 
are the VCO loop filter components on pin 20, and Kv is 
the VCO Pain (See the section on the VCO and phase 
detector.) 

RAMP CAPACITOR 

The ML4425/ML4426 outputs a fixed 0.5u^ current on 
pin 20 during ramp up. This is the input to the VCO. 
Therefore, the rotor's acceleration is a function of the 
current, VCO gain and the loop filter components only. In 
some cases, where the VCO capacitor is small due to a 
high running speed, and the motor inertia is large, the 
rotor may not be able to follow the VCO during ramp up. 
In these cases, it is necessary to add a capacitor from pin 
21 to ground. This capacitor is switched in during ramp 
only, and allows the rate of acceleration during ramp up 
to be lowered. An approximate starting point for this 
capacitor is given by the equation below: 

Cramp = J* - 5 * 10 "" x J^x* _ (a + C2) 



'max x Kt 



3xN 



Where J is the inertia of the motor plus load, Kv is the 
VCO gain, N is the number of poles, Imax is the 
maximum motor current, Kt is the torque constant, and C1 
and C2 are the loop filter components on pin 20. 
Normally, the result of the preceding equation will be a 
negative number, meaning that no ramp capacitor is 
necessary. If the result of this equation is greater than zero, 
then the ramp capacitor should be included. 

C OSC 

This capacitor sets the PWM ramp oscillator frequency. 
This is the PWM "switching frequency". If this value is too 
low, <20kHz, then magnetostriction effects in the motor 
may cause audible noise. If this frequency is too high, 
>30kHz, then the switching losses in the output drivers 
may become a problem. 25kHz should be a good 
compromise for this value, which can be obtained by 
using a 1 nF capacitor. 



Rvco AND R REF 

Rvco should be 80K and Rref should be 1 37K for normal 
operation. 

RC PWM 

This pin is the output of a transconductance amplifier. A 
resistor and a capacitor in series with this pin and 
connected to ground form the speed loop compensation. 
The motor will have a mechanical time constant, given 
approximately by: 

JxRw 
Ke 2 

Where J is the moment of inertia of the rotor plus the load, 
Rw is the winding resistance, and Ke is the back-E.M.F. 
constant This pole occurs at a relatively low frequency, 
and will limit the frequency of response of the servo loop. 
In order to get better response, the RC combination on the 
RCpwm P' n can De used to provide phase lead for the 
speed loop. This combination also sets the open loop gain 
characteristics, and therefore the accuracy of the speed 
loop. In order to pick components for this loop, it is 
necessary to decide on a desired closed loop bandwidth. 
The chosen closed loop bandwidth should be 
substantially lower than the bandwidth of the phase 
locked loop used for commutation, in order to preserve 
acceptable phase margin. This is usually not a problem, as 
the mechanical time constant of the motor is necessarily 
much lower than the commutation loop response. 
Depending on the motor and its load, a bandwidth in the 
1 -1 0Hz range is easily achievable. The frequency of the 
compensating zero should be set to be a decade below 
the unity gain crossover frequency, so that its contribution 
to the phase lead will be maximum at the crossover. The 
following formula gives the value of C necessary for these 
conditions: 



CC = 482.314 xNx 



Vcc x Cyco 



freq. 



Kef ^2.5 + 98.696 x t m 2 x freq. 2 



Where freq. is the desired unity gain crossover frequent 
Vcc is the supply voltage, Cyco ,s tne VCO capacitor on 
pin 1 5, N is the number of poles in the motor, and the 
other quantities are defined above. Then, the value of R 
should be 



10 



2 x 7t x CC x freq. 




If the speed loop is unstable, it is possible that the desired 
bandwidth is too high, and reducing the value of freq. 
should solve the problem. 

VCO FILTER 

See the section on the VCO and Phase detector for 
information on these components. 
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VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 
control voltage will be no higher than Vrep, or 6.9V. The 
VCO maximum frequency will be: 

Fmax = 0-05 x POLES x RPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fyco at Vvco = 6V) is: 



K VCO(MIN) : 



. 2.42x1 -6 



Cvco 
Assuming that the Vyco(MAX) = 6.5V, then 

. 6.5 x 2.42 x1(T 6 



Cyco : 



Cvco = 



Fmax 



315 



POLES x RPM 



HF 




4 6 

VVCO (VOLTS) 

Figure 3. VCO Output Frequency vs. Vvco ( Pm 20) 

Figure 4 shows the linearized transfer function of the 
Phase Locked Loop with the phase detector formed from 
the sampled phase through the Cm amplifier with the 
loop filtered formed by R, Q, and C 2 . The Phase detector 
gain is: 

Kexa)xAtten x - |25x10 - 1 4 A/Radian 
2% 

Where Ke is the motor back-E.M.F. constant in V/Radian/ 
sec, © is the rotor speed in r/s, and Atten is the back- 
E.M.F. resistive attenuator, nominally 0.5. 



SAMPLED | 
PHASE 



Gmsl^SxIO" 4 



$ 


CB>- 










F0U1 


\s^ 










KvCO(HZ/V) 



ROTOR- 
PHASE 



BEMF 
SAMPLER 



A/RADIAN 




V/Aj 



(RxC2xs + 1) 



sx(C2 + RxC1xsxC2 + C1) 



Kexo)x Atten gm = i #25 E-4 A^ | 

2 X7C 



PHASE DETECTOR 



RADIANS/V I 



2.42x10-6 



Cvco x s 



I 



Figure 4. Back-EMF Phase Locked Loop Components. 
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The simplified impedance of the loop filter is 








Z RC (s)= 1 < s + c °lead) 
Qs (s + co LAG ) 


> 
u 
z 


RESET/ 

ALIGN 

P1,P3, N2 0N 


OPEN-LOOP 

(STEPPING) 

RAMP 


CLOSED LOOP 
RUN 


Where the lead and lag frequencies are set by: 


2f 








Wlead= £q 












C1 + C2 






^^RQQ 




l 


Requiring the loop to settle in 20 PLL cycles with 




RESET 






^lag = 10 x ©lead produces the following calculations 


ENABLE E/A 




for R, C1 and C2: 





Q« 



4.07x1Q- 11 xK e xRPM 
Cvco x R/co 
C 2 = 9 x Q 



R = - 



9.02 



QxfVco 



where K e is the back-EMF constant in volts per radian per 
second, and RPM is the rotor speed. See Micro Linear 
application note 35 for derivation of the above formulas. 

START-UP SEQUENCING 

When the motor is initially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). The following 
steps are a typical procedure for starting a motor which is 
at rest. 

Align: The IC is held in reset (state R) with full power 
applied to the windings (see figure 6). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. This time is 



t = 



0.5V) Crst 
0.75liA 



Ramp: Align is released, and a fixed 0.5liA current is input 
to pin 20, and will ramp the VCO input voltage, 
accelerating the motor at a fixed rate. This time is 



t = 



, .5V) C EN 
0.75uA 



Run: When the motor speed reaches about 1 00 RPM, the 
back-EMF loop can be used in closed loop speed control 
and the voltage on the RCvco P ,n will ramp to the same 
voltage applied to V$peed- This allows speed selection 
referring to figure 3. 



Figure 6. Typical Start-up Sequence. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 



MODE 


PIN 17 


PIN 19 


Ilimit 


Align 








'max 


Ramp 


1 





•max 


Run 


1 


1 


I MAX 



Table 2. Start-up Sequence. 

ALIGN: The IC is held in reset (state R). 

RAMP: After the reset pin has reached 1 .5V the Cen P'n 
begins to charge. During this time the RCvco components 
are charged with 0.5uA and the VCO begins to ramp up in 
frequency. This continues until the Cen pin reaches 1 .5V 
and times out. The motor must be able to keep up with 
the VCO ramp rate. 

RUN: After Cen nas timed out the device begins closed 
loop operation using the BEMF of the motor. 

DIRECTION: The direction of motor rotation is controlled 
by the commutation states as given in Table 1 . The state 
sequence is controlled by the F/R (pin 1 2). 
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DIRECTION 


OUTPUTS 


INPUT SAMPLES 


STATE 


REVERSE 


N'3 


N2 


Nl 


P3 


P2 


P1 


FORWARD 






FORWARD 


N1 


N2 


N3 


P1 


P2 


P3 


REVERSE 


RORO 


OFF 


ON 


OFF 


ON 


OFF 


ON 


N/A 


N/A 


A 


OFF 


OFF 


ON 


ON 


OFF 


OFF 


PH2 


PH2 


B 


OFF 


OFF 


ON 


OFF 


ON 


OFF 


PH1 


PH3 


C 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


PH3 


PH1 


D 


ON 


OFF 


OFF 


OFF 


OFF 


ON 


PH2 


PH2 


E 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


PH1 


PH3 


F 


OFF 


ON 


OFF 


ON 


OFF 


OFF 


PH3 


PH1 



Table 1 . Commutation States. 



_r 




Figure 5. Commutation Timing and Sequencing. 
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ADJUSTING OPEN LOOP STEP RATE (RAMP) 
Align 

Motor alignment occurs when power is first applied and 
Crst (P m 1 7 ) an d Qn (P' n 19 ) are ' ow - The device will 
stay in the align mode until the 0.75uA current out of Crst 
charges the external capacitor to 1 .5V at which time ramp 
mode is enabled. 

During align P-channels P1 and P3 will be driven on and 
N-channel N2 will be on to provide high torque to 
position rotor on pole. 

Motor loads with larger inertia will require longer 
alignment periods or larger values of Crst f° r possibly 
higher currents (Ilimit)- 

Maximum current limit can be set by the Rlimit fr° m the 
•sense P' n 0)- The threshold on this pin is approximately 
0.5V thus 



'limit : 



0.5V 



Idmit " s a ' so under PWM control with toFF set by a 
capacitor connected to Cos (P' n 26) and given by 



tQFF = Cos 



2.5V 
25uA 



Ramp 

Motor ramping begins when Crst has exceeded 1 .5V at 
which time the capacitor connected to Cen (pin 19) which 
had been held at ground will begin to charge with 0.75jxA 
from the pin. When Cen reaches 1 .5V the device will 
enter run mode. 

During ramp mode a 0.5uA current from the RCyco P ,n 
(20) will charge the filter components and begin to ramp 
the VCO frequency and begin commutating states A 
through F of the motor in an open loop fashion. Cramp is 
shorted to ground during ramp allowing additional 
flexibility in starting high speed motors. 

Cramp should be set so that the VCO's frequency ramp 
during "open loop stepping" phase of motor starting is less 
than the motor's acceleration rate. In other words, the 
motor must be able to keep up with the VCO's ramp rate 
in open loop stepping mode. The VCO's input voltage 
(Win 20) ramp rate is given by: 

dVyco ^ 0-5uA 

dt G| + C 2 + Cramp 



then combining the 3 equations Cramp can be calculated 
from the desired maximum open loop stepping rate the 
motor can follow. 

5m a < dfyco Cvco x (Q + C 2 + Cramp) 
dt 4x10 -6 

The motor will start more consistently and tolerate a wider 
variation in open loop step rate if there is some damping 
on the motor during the open loop modes. 

The tolerance of the open loop step VCO acceleration 

— T. — depends on the tolerances of Kyco/ Cramp> Q, 

C 2/ and Cyco 

Larger motors and loads will require longer ramp periods 
or larger values of Cen- 

Run 

When the Cen P' n exceeds 1 .5V the device will enter run 
mode. At this time the motor speed should be high 
enough to generate a detectable BEMF and allow closed 
loop operation to begin. The commutation position 
compensation has been previously discussed. 

The motor will continue to accelerate as long as the 
voltage on the RCyco P m (20) is less than the voltage on 
Vspeed (P' n 8). During this time the motor will receive full 
N-channel drive limited only by Ilimit- As the voltage on 
pin 20 approaches that of pin 8 the Cpwm capacitor will 
charge and begin to control the gate drive to the N- 
channel transistor by setting a level for comparison on the 
25kHz PWM saw tooth waveform generated on Cose (P |n 
6). The compensation of the speed loop is accomplished 
on Cpwm (P'n 5) which is the output of a 
transconductance amplifier with a gm = 3.85 x lO- 4 ^. 

OUTPUT DRIVERS 

The P-channel drivers are emitter follower type with 5mA 
pull down currents. This allows for fast turn off to prevent 
cross conduction. The N-channel drivers are totem pole 
with a 750Q resistor in series with the pull up device 
again reducing cross conduction. 



K 



Fvco = Kvco x V V co 

4x10~ 6 
c VCO 



VCO(MAX) : 



tf^ Micro Linear 



5-181 



ML4425/ML4426 



Vbef["H- 

RRCF[27J- 

Crst[T71- 

Cen|t91- 
F/R[l2]- 



VSPEED [T| - 

Cqsc|T|- 



Vflt[i8}- 



Vref 

IE 



vco Rvco Cvco Cramp RCvco 

\B B H 

u- 



POR + 
START-UP 




STATE 
MACHINE 



BEMF 
SAMPLER 



COMM. 
OUTPUT 



m 




- 



V«EF 



RCpwm 



I 



«« [22] PH1 

■* [23] PH2 

<« [24] PH3 

[7] PI 

[T| P2 

|T|P3 

[T] N1 

[To] N2 

[TT] N3 



O/S [26] Cos 




'sense 



Figure 8. Block Diagram. 



BRAKING 



When BRAKE pin (25) is pulled low all 3 P-channel 
drivers will be turned off and all 3 N-channel drivers will 
be turned on. 




100 200 300 400 500 

C(OS) (pF) 



HIGHER VOLTAGE MOTOR DRIVE 

The ML4425/ML4426 can be used to drive higher voltage 
motors by means of level shifters to the high side drive 
transistors. This can be accomplished by using dedicated 
high side drivers for applications greater than 60V or a 
simple NPN level shift as shown in figure 9 for 
applications below 60V. Figure 10 shows how to interface 
to the IR2110, a 3-phase bridge driver from I.R. This 
allows driving motors up to 600V. 



Figure 7. 1 limit Output Off-Time vs. Cqs« 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4425CS 
ML4425CP 


0°C to +70°C 
0°C to +70°C 


28-Pin SOIC (S28W) 
28-Pin DIP (P28N) 


ML4425IS 
ML4425IP 


-40°C to +85°C 
-40°C to +85°C 


28-Pin SOIC (S28W) 
28-Pin DIP (P28N 


ML4426CS 
ML4426CP 


0°C to +70°C 
0°C to +70°C 


28-Pin SOIC (S28W) 
28-Pin DIP (P28N) 


ML4426IS 
ML4426IP 


-40°C to +85°C 
-40°C to +85°C 


28-Pin SOIC (S28W) 
28-Pin DIP (P28N) 
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PRELIMINARY 



ML4431 



Servo Demodulator 



GENERAL DESCRIPTION 

The ML4431 provides all of the analog circuitry 
necessary for the demodulation of di-bit servo signal 
information in Winchester disk drives. It interfaces to 
the servo head preamp and provides quadrature 
position signal outputs for the servo controller 
circuitry. 

The ML4431 includes a high-performance 592-type 
input amplifier and differential AGC circuit. External 
logic is designed to meet the needs of the particular 
servo system utilizing the VCO and Charge Pump to 
create a PLL time base for Peak Detector gating. The 
SYNC output provides servo channel timing 
information for the logic. 

The ML4431 has an ECL-type VCO, with an internal 
ECL-to-TTL converter for simplified interfacing. 

The ML4431, when combined with the ML4402 Servo 
Driver, the ML4403, ML4413 Servo Controller and the 
ML4404 Trajectory Generator, provides a flexible 
closed-loop servo control system. 



FEATURES 

■ Combines all analog di-bit demodulation circuitry 

■ Logic track-type switching can be used to minimize 
demodulator offset 

■ Exponential AGC characteristics makes AGC settling 
independent of input step size 

■ External loop compensation of analog blocks 

■ External digital circuitry allows flexible pattern 
format 

■ On-chip band gap voltage reference eliminates 
external referencing 

■ Operates from 5V and 12V power supplies 

■ Programmable Peak Detector Discharge Current 

■ Digitally-controlled AGC set point 

■ TTL output VCO 

■ AGC Sense switchable to "POSA only" or both 
"POSA and POSB" 

■ Compatible with Micro Linearis ML4403, ML4413 
Servo Controller, ML4402 Servo Driver and ML4404 
Trajectory Generator 



BLOCK DIAGRAM 



FDEC I 



FINC 



VCOP I 




27 23 24 25 26 19 20 21 22 
G1 G2 G3 G4 C1 C2 C3 C4 
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PIN CONNECTIONS 



ML4431 32-Pin PCC 



FINC TP POSB 
FLTR I FDEC I CDC I POSA 



+5V[ 5 
VCOI [ 6 
VCOP[ 7 
VCON [ 8 
GND [ 9 
SYNC [ 10 
PWM [ 11 
VAGC [ 12 
CAGC [ 13 



l« 



ML4431CQ 
PLCC-32 



14 15 16 17 18 19 20 



| INX | GAIN2 | CAP1 | 
GAIN1 INY AGCSW CAP2 



29 ]Vref 
28 ] +12V 
27 ]PKDECAY 
26 ] GATE4 
25 ]GATE3 
24 ]GATE2 
23 ]GATE1 
22 ]CAP4 
21 ]CAP3 



PIN DESCRIPTION 

PIN NO. NAME 



10 
11 

12 
13 

14 



FUNCTION 



1 


TP 


2 


FDEC 


3 


FINC 


4 


FLTR 


5 


+5V 


6 


VCOI 


7 


VCOP 



VCON 

GND 

SYNC 
PWM 

VAGC 
CAGC 

GAIN1 



15 


INX 


16 


INY 


17 


GAIN2 



Composite test point, normally left 
unconnected. 

Charge pump frequency 
decrement input. 

Charge pump frequency 
increment input. 

PLL loop compensation terminal. 

+5V supply. 

VCO input. 

VCO positive output, for 
capacitive feedback to VCOI. 

VCO negative output, drives 
resistive feedback to VCOI. 

Ground. 

SYNC pulse output. 

PWM DAC input to adjust AGC 
set point. 

AGC gain reference voltage input. 

External capacitor to set AGC 
response. 

Input amplifier gain adjusting RC 
terminal 1 

X input into input amplifier. 

Y input into input amplifier 

Input amplifier gain adjusting RC 
terminal 2. 



PIN NO. NAME 



FUNCTION 



18 AGCSW Selects between "POSA only" or 

"POSA and POSB" AGC sense 
operation. Logic "0" selects "POSA 
only" operation. Logic "1" selects 
"POSA and POSB" operation. 

19 CAP1 Peak detector 1 capacitor. 

20 CAP2 Peak detector 2 capacitor. 

21 CAP3 Peak detector 3 capacitor. 

22 CAP4 Peak detector 4 capacitor. 

23 GATE1 Peak detector 1 gate input (TTL) 

Logic "1" enabled, "0" disabled. 

24 GATE2 Peak detector 2 gate input (TTL) 

Logic "1" enabled, "0" disabled. 

25 GATE3 Peak detector 3 gate input (TTL) 

Logic "1" enabled, "0" disabled. 

26 GATE4 Peak detector 4 gate input (TTL) 

Logic "1" enabled, "0" disabled. 

27 PKDECAY Sets peak detector discharge 

current. 

28 +12V +12V supply. 

29 V REF Voltage reference output. 

30 POSA Position output A. 

POSA = Peak Detector 1 - Peak 
Detector 2 

31 POSB Position output B. 

POSA = Peak Detector 3 - Peak 
Detector 4 

32 CDC 



External capacitor terminal to set 
DC restore response. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Power Supply Voltage Range, V cc 14V 

Input Voltages: 

GAIN1, GAIN2 -0.3 to 8V 

C AGC -0.3to7.0V 

V AGO PWM, VCOI -0.3 to 5.3V 

CAP1, CAP2, CAP3, CAP4 -0.3 to 10V 

GATE1, GATE2, G ATE3, GATE4, VCOP -0.3 to 7.5V 

INX, INY, VCON, FINC, FDEC, C DO C A co FLTR 

-0.3 to V CC +0-3V 

JA for PLCC-32 «60°C/Watt 

Storage Temperature Range -65°C to +150°C 

Junction Temperature (Tjmax) 150°C 

Lead Temperature (Soldering, 10 sec) 260°C 



OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

Supply Voltage V (+12V ) 12V DC + 10% 

Supply Voltage V (+5V) 5V DC ± 10% 

Input Coupling Capacitance (Q) 0.01/uF 

Input Amp Gain Capacitance (C c ) 0.047/jF 

Input Amp Gain Resistance (R G ) 1 kO 

AGC Response Compensation Capacitance (C A ) 0.018//F 

Composite DC Restore Capacitance (Cp) 0.018//F 

PLL Compensation Components: 

C C pi 0.1/iF 

C C P2 W 

R CP 910O 

VCO Components: 

C v 39pF 

R v 1500Q 

RL 680Q 

Peak Detector Capacitance (CAP1 thru CAP4) 270pF 

On track Base-to-Peak Voltage at pin TP 1.75V 

V CA Gain Control Voltage (at pin C ACC ) «2.4V 

R SE T 330KO 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of T A = 0°C to 70°C, 
V (+12V) = 10-8 to 13.2V, V( +5 v) = 4.5 to 5.5V, Vvagc = 4.0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply 


'+12 


Supply Current 


V +12 = 12V, V +5 = 5V 




73 


51 


mA 


l + 5 


Supply Current 


V +12 = 12V, V +5 = 5V 




37 


47 


mA 


TTL Inputs FINC, FDEC, GATE1, GATE2, GATE3, GATE4, PWM, AGCSW 


V, H 


High Level Input Voltage 




2.0 






V 


V, L 


Low Level Input Voltage 








0.8 


V 


l|H 


High Level Input Current 


V, H - 2.4V 


-1 




30 


M 


I.L 


Low Level Input Current 


V, L = 0.4V 


-20 




1 


VA 


SYNC Output 


Vol 


Low Level Output Voltage 


Iql = 1.6mA 





0.35 


0.5 


V 


V THR 


Positive going input threshold 






V REF+ 0.9 




V 


Vthf 


Negative going input threshold 






Vref 




V 


t PD ± 


Propagation Delay Rising, Falling 


RL = 2k, C L = 15pF 




50 




ns 


VCON Output 


VOH 


High Level Output Voltage 


Ioh - 50M 


2.4 






V 


Vol 


Low Level Output Voltage 


Iql ■ 1.6mA 







0.5 


V 


VCO and Charge Pump Section 


'bias 


Vcoi Input Bias Current 







20 


50 


M 


•ch/ bis 


FLTR Charge and Discharge Current 




330 


450 


590 


//A 


IciVtais 


FLTR Charge/ Discharge Ratio 




0.95 


1.00 


1.05 


fjA/jjA 


'off 


FLTR OFF State Current 


FINC = 2.0, FDEC = 0.8 





25 


50 


nA 


F MAX 


MAX VCO Frequency to Maintain 
+ and - 5% Control Range (Note 3) 




20 






MHz 


V QH (FLTR) 


Charge Pump Maximum Voltage 






V (+12V) -12V 




V 


V QL (FLTR) 


Charge Pump Minimum Voltage 






1.0 




V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of T A = 0°C to 70°C, 
V(+12V) = 10.8 to 13.2V, V(+5V) = 4.5 to 5.5V, Vagc = 4 -0V, and external components as recommended above, 
unless otherwise specified (See Note 1) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VCO and Charge Pump Section (Continued) 


F vco 


VCO Frequency Range (Note 3) 


T A = 25°C, V +5 = 5V, 
Vfltr - 6V, C v - 30pF, 
R v - 3.74KO, see figure 1 


9.7 


10.0 


10.3 


MHz 


K vco 


VCO Voltage to Frequency Factor 






2 




%/V 


Input AMP, AGC AMP, and DC Restore 


R IN 


INX, INY Differential Input Resistance 




7 


10 


14 


kO 


ICAIN1,2 


GAIN1, GAIN2 Bias Current 




0.66 


1.0 


1.20 


mA 


RlNAGC 


Vagc Input Resistance 




7 


10 


13 


kO 


Gmagc 


AGC Transconductance at Cagc 






370 




A/MHOS 


Ragc 


Control Range of AGC Loop to Regulate 
Composite Amplitude to within 2% 
of Nominal 






7/1 




v/v 


BW 


Bandwidth from INX, INY to Composite 
(Note 4) 




10 


15 




MHz 


GMDCR 


DC Restore Transconductance 






500 




A/MHOS 


Peak Detectors 


ICH 


Charge Current 




5 






mA 


bis 


Discharge Current 


T A = 25°C, R SET - 330K 


10 


15 


20 


M 


Voltage Reference 


Vref 


Reference Voltage 


T A - 25°C 


4.75 


5.00 


5.25 


V 


TC 


Tempco 






50 




ppm/°C 


Rout 


Load Regulation 






2 




mV7mA 


PSRR 


Line Regulation 






10 




mV/V 


'sink 


Maximum SINK Current 




0.8 






mA 


Output Amplifiers (POSA, POSB) 


Vos 


Input Offset 


V CA p1-4 - 6V 


-10 





10 


mV 


A v 


Gain 




1.15 


1.20 


1.25 


V/V 


Ava/Avb 


Gain Tracking 




-3 





+3 


% 


V OUT 


Output Voltage Range 




1.0 




9.5 


V 


'SRC 


Output Source Current 




3 






mA 


'SNK 


Output Sink Current 




2 






mA 


SR 


Slew Rate 






2.5 




V/fis 


BW 


3dB Gain Bandwidth 






3 




MHz 



Note 1: 0°C to 70°C operating temperature range devices are 100% tested with temperature limits guaranteed by 100% testing, sampling, or 

correlation with worst-case test conditions. 
Note 2: Typicals are parametric norm at 25°C 

Note 3: This parameter is guaranteed but not 100% tested and is not used in outgoing quality level calculations. 
APPLICATION HINTS 
Using a nominal on-track servo signal, amplitude adjustment should be made as follows: 

1. Set composite signal amplitude, measured at pin TR by adjusting voltage at pin V ACC (approximately 4.7 volts). The composite signal should 
be set to 1.75 volts base to peak of an on-track position pulse (an off-track position pulse will be about 3.5 volts maximum). 

2. Adjust Rg so that the VGA is in mid-range. This is determined by measuring the voltage at pin C AGC ; it should be approximately 0.9 volts. 
C AGC voltage will vary approximately ±0.5 volts over the AGC range. 
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FUNCTIONAL DESCRIPTION 

INPUT AMPLIFIER 

The input amplifier is equivalent to a wide-band 592 
type video amplifier and provides amplification and 
buffering to the AGC circuitry. The Inputs INX and INY, 
which must be AC coupled, accept the composite 
analog signal from the servo head differential 
preamplifier. Internal input termination resistors 
eliminate the need for external bias resistors. 
Prefiltering of the signal is normally desired to eliminate 
unwanted components. External components Rg and 
Cg determine the input amplifier's low frequency cutoff 
and gain as follows: 

^ 1 A 1700 

EC = — — — _^ v ^ Ay : 



27t(Rg + 60Q)C G 



R G + 60O 



Where: Cg = External series capacitance between pins 
GAIN1 and GAIN2 
Rg = External series resistance between pins 
GAIN1 and GAIN2 

AUTOMATIC GAIN CONTROL (ACQ 

The purpose of the AGC loop is to maintain a constant 
peak output voltage level at outputs POSA and POSB. 
This peak level is established by the reference voltage 
applied to pin Vagc- 

V P-P (Composite Position Pulses) = K1 x V AC c + K2 

Where: K1 = 0.65 

K2 = .13 * V REF 

In this closed-loop system, the peak detector output 
voltages are fed back and combined with the Vagc 
voltage to provide a gain control current. The current 
controls the variable gain amplifier (VGA) and is 
compensated at pin Cagc to provide control of AGC 
bandwidth. The bandwidth of the entire AGC loop is 
determined by: 



BW 



K Vvagc 
2ttC a 



Where: K = 2.8 x 10" 4 

Vvagc = External reference voltage at pin Vagc 
Ca = External capacitance at pin Cagc 

PWM CONTROL OF AGC SET POINT 

The PWM input (pin 10) accepts a variable duty-cycle 
input to control the AGC set point. The relationship 
between duty-cycle and set point is: 

100% duty-cycle AGC set point is equal to Vref- 

0% duty-cycle AGC set point equal to 0.6 x V REF . 

A filter capacitor from pin 11 to ground is required to 
filter the PWM signal. This capacitor should be 
sufficiently large relative to the 10KO nominal internal 
termination resistance at pin 11. 

The AGC set point may be set manually via direct 
voltage control of pin 12 if desired. Pin 11 should be 
grounded in this case. 



SWITCHING THE AGC SENSE RESISTORS 

The AGCSW input (pin 17) allows selection of the AGC 
sense. The choices are: 

AGCSW low AGC senses POS A peak 

detector outputs only. 

AGCSW high AGC senses POS A and POS B 

peak detector outputs. 

COMPOSITE AMPLIFIER 

The input amplifier and AGC circuit of the ML4431 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
composite amplifier converts the differential signal into 
a buffered single-ended signal for the peak detector 
circuitry. The DC base line of the composite signal is 
equal to Vre F . The bandwidth of the DC restore 
function is controlled by capacitor Cp at pin Cqc w 'th 
the following relationship: 



BW 



gm 
2ttC d 



Where: gm = — 

Cq = External capacitance at pin Cqc 

The composite signal is available at pin TP and is 
normally left unconnected. For short circuit protection 
a 750Q resistor is connected in series with pin TP 
internally. 

SYNCHRONIZATION PULSE SEPARATOR 

The SYNC pulse separator is a threshold comparator 
with hysteresis which passes pulses from the composite 
amplifier above a set threshold. It provides a buffered 
TTL output. The SYNC output, when gated through an 
external one-shot, is used to control the external gate 
timing and PLL logic. Active pull-up differs from ML4401 
SYNC. 

PEAK DETECTOR 

The peak detector circuit captures the peak signal 
amplitude of the di-bit pulses. The gates are controlled 
by inputs GATE1 through GATE4. Timing is established 
by the external logic circuitry. The external peak 
detector capacitors are connected from pins CAP1 
through CAP4 to ground. The peak detector discharge 
rate (set by CAP1-CAP4 and current out of PKDECAY) 
determines the maximum track crossing rate during an 
access operation. The peak detector outputs are fed 
into internal differential amplifiers that calculate the 
track error signals and provide buffered outputs POSA 
and POSB as follows: 

POSA = 1.20 (CAP1 - CAP2) + V REF 
POSB = 1.20 (CAP3 - CAP4) + V REF 
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PEAK DETECTOR DECAY RATE CONTROL 

The decay rate of the peak detector can be 
programmed by changing the external resistor Rset (pin 
26, see connection diagram). The decay rate is 
determined by the discharge current for the hold 
capacitors C1 - C4. The relationship between the 
discharge current and Rset is: 

. V REF 

'discharge = p 

K SET 

VOLTAGE CONTROLLED OSCILLATOR AND 
CHARGE PUMP 

The VCO and external phase compare logic provide a 
time b ase fo r peak detector gate synchronization. 
Inputs FINC and FDEC provide increment and 
decrement signals to the charg e pump for changing the 
oscillator frequency. The FINC and FDEC inputs gate 
the charge pump for the duration of the pulse width. 
The RC timing network formed by Cy and Ry at pins 
VCOI, VCON, and VCOP control the oscillators center 
frequency. (See Typical Performance Characteristics) 

Ry should be greater than 1000Q, Too low of a value 
will result in excessive power dissipation. RL should be 
about 680Q. 



The VCO output should only be taken from pin VCON. 
Charge pump capacitor Ccpi is connected from pin 
FLTR to ground. Components Rep and Ccp2 are also 
connected in series from pin FLTR to ground to provide 
VCO loop compensation. 

INTERNAL VOLTAGE REFERENCE 

Vref is an internal band-gap voltage reference. It is 
buffered and available at pin Vref and is used by the 
ML4402, ML4403, ML4404 and other chips requiring a 5 
volt reference. 

EXTERNAL LOGIC 

The external logic provided by the user typically has a 
complexity of about 150 to 300 equivalent gates. 
Complexity and architecture depends on the users di- 
bit pattern and control function. 

Note: Stray capacitance should be considered in applying the above 
relationships when low capacitor values are used. Stray 
capacitance of the integrated circuit terminal is typically about 
2 to 3pF. 
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TYPICAL PERFORMANCE CHARACTERISTICS 




Figure 1. ML4431 Connection Diagram 



AGC GAIN vs Cacc Voltage 



Av 50 

(V/V) 









F - 2.5MHz 


















Rr r m 7502 








Ta - 2 cor 































































2.1 2.8 

VCAGC (Volts) 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4431CQ 


0°C to +70°C 


MOLDED PCC (Q32) 
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2 -Channel 
Preamplifier for Tape Drives 



GENERAL DESCRIPTION 



FEATURES 



The ML4451 is a bipolar monolithic read/write circuit 
designed for use with center-tapped ferrite recording 
heads in tape drive systems. Single ended head drive is 
also possible by connecting one input to center tap and 
the other to the head which also returns to center tap. 

The ML4451 provides two separate multiplexed read and 
write data channels. These circuits exhibit features like 
reduced input bias current and higher read channel 
voltage gain, which provide a low noise read data path. 
It also provides improved write current stability and 
eliminates write current "glitches" during power-up. 
The control signals to this chip are TTL compatible. 
The ML4451 is available in a 24-pin SOIC package. 



Enhanced write current stability 

Designed for center-tapped ferrite heads in tape drives 

Provides lower current noise 
Min A v > 1 50, Max l B < 1 5liA 

Easily multiplexed for larger systems 

Power supply fault protection 

1 .5nV/VHz maximum input noise voltage 

Programmable write current source 

Includes write unsafe detection 

+5V, +12V power supplies 



BLOCK DIAGRAM 



Vcc V D D1 GND Vdd2 Vct 



r-J J 1 ,T T, _1 

T T T CENTER WRI 



WRITE 
R/W 0-\ CURRENT 
DISABLE 



CSO- 



MODE 
SELECT 



WDIO- 



VOLTAGE 

FAULT 
DETECTOR 



TAP 
DRIVER 



* ~T 



READ 
BUFFER 



K 



r 



3 Q 
-o|t q 



WDFF 



WRITE 

UNSAFE 

DETECTOR 



Jt 



READ 
PREAMP 




WRITE 
DRIVER 



WRITE 
CURRENT 
SOURCE 



HS0O- 
HS1 O- 



► H2X 

► H2Y 

► H3X 

► H3Y 

► HOX 

► HOY 

► H1X 

► H1Y 
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PIN CONNECTION 



ML4451 
24-Pin SOIC 



CND EX 1 
NC [X 2 
HOX DC 3 
HOY EX 4 
H1X CE 5 
H1Y QI 6 

H2x ex 7 
H2Y n: 8 

H3X CX 

H3Y n: 

v CT CE 

V D d2 CX 



24 XI NC 
23 ID CS 
22 XI R/W 
21 13 WC 
20 13 RDY 
19 ID RDX 
18 13 HSO 
17 13 HS1 
16 X] V C C 
15 13 WDI 
14 X] WUS 
13 13 VddI 



TOP VIEW 



PIN DESCRIPTION 



NAME 



FUNCTION 



HS0-HS1 
CS 
R/W 

WUS 

WDI 

HOX, H1X 
H2X, H3X 
HOY, H1Y 
H2Y, H3Y 



Head Select (four heads) 



Chip Select (low level enables chip) 



Read/Write (high level selects 
Read Mode) 

Write Unsafe, open collector output 
(high level indicates an unsafe 
writing condition) 

Write Data In (negative transition 
toggles head current direction) 

Read head X connections 

Write head X connections 

Read head Y connections 

Write head Y connections 



NAME 


FUNCTION 


RDX, RDY 


X, Y Read Data (differential read 
signal out) 


WC 


Write Current (used to set the write 
current magnitude) 


V C T 


Voltage Center Tap (center tap 
voltage source) 


VCC 


+5 volts 


V DD 1 


+1 2 volts 


V DD 2 


Positive supply for center tap 


GND 


Ground 
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ABSOLUTE MAXIMUM RATINGS 

Power Supply Voltage Range 

V DD 1 ...".." ~ 7. -0.3 to 14V DC 

V DD 2 -0.3 to 14V DC 

V cc -0.3 to 6V DC 

Input Voltage Range 

Digital Inputs (CS, R/W, HS, WDI) ..-0.3 to V cc +0.3V DC 
Head Ports (H0X-H7X, HOY-H7) .-0.3 to V DD 1 +0.3V DC 
Write Unsafe (WUS) -0.3 to 1 4V DC 

Write Current (lyy) 60mA 

Output Current 

Read Data (RDX, RDY) -10mA 

Center Tap Current Oct) -60mA 

Write Unsafe (WUS) 12mA 

Storage Temperature -65°C to 1 50°C 

Junction Temperature (Tj) 1 35°C 

Lead Temperature (Soldering 10 sec.) 300°C 



OPERATING CONDITIONS 

Suoolv Voltage 

V DD 1 T. 12V ±10% 

V cc 5V±10% 

Head Inductance 
L H 5 to 1 5liH 

Damping Resistor (R D ) 500 to 2000ft 

RCT Resistor (1/4 Watt) 1 2Q ±5% 

Write Current (l w ) 10 to 40mA 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified V DD 1 = V DD 2 = 1 2V ±10%, V C c = 5V ±1 0%, R C t = 
l w = 40mA, 0°C < T A < 70°C (Notes 2 and 3) 



120Q±5%, 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN TYP, 



MAX 



UNITS 



DC OPERATING CHARACTERISTICS 



Ice 


Vcc Supply Current 


Read or Idle Mode 
Write Mode 






35 
30 


mA 
mA 


Idd 


Vdd Supply Current 


Read Mode 
Write Mode 
Idle Mode 






35 

20 + l w 
20 


mA 
mA 
mA 


Pd 


Power Dissipation 


Read Mode 

Write Mode l w = 40mA, R C t = 0Q 

Idle Mode 






655 
960 
455 


mW 
mW 
mW 



DIGITAL INPUTS (CS, R/W, HS, WDI) 



V,H 


High Voltage 




2 






v D c 


V|L 


Low Voltage 








0.8 


Vdc 


llH 


High Current 


V| H = 2.0V 






100 


^A 


IlL 


Low Current 


V, L = 0.8V 


-0.4 






mA 



WUS OUTPUT 



Vol 


Output Low Voltage 


Iql = 8mA (Safe) 






0.5 


Vdc 


•oh 


Output High Current 


Vqh = 5V (Unsafe) 






100 


uA 



CENTER TAP VOLTAGES 



V C T 


Read Mode 


Read Mode 




4 




Vdc 


V C T 


Write Mode 


Write Mode 




6 




Vdc 



5-196 



%,Micro Linear 



ML4451 

ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V DD 1 = 1 2V ±1 0%, V cc = 5V ±10%, R CT = 1 20Q ±5%, l w = 35mA, L H = 1 0uH R D = 750Q 

f DATA = 5MHz, C L (RDX, RDY) < 20pF, 0°C < T A < 70°C 

(Notes 2 and 3) (V|n is referenced to Vct for Read Mode Characteristics). 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



MAX UNITS 



WRITE MODE CHARACTERISTICS 



•hcw 


Head Current (per Side) 


Write Mode 
< V CC ^ 3.7V 
0<V DD 1 <8.7V 


-200 




200 


^A 


>WR 


Write Current Range 


lw = K/R\vc 


10 




40 


mA 


K 


Write Current Constant 




2.375 




2.625 




Vhd 


Differential Head Voltage Swing 




7.0 






Vrk 


•hu 


Unselected Head Transient 
Current 








2 


mApK 


Cod 


Differential Output Capacitance 








15 


pF 


Rod 


Differential Output Resistance 




10k 






Q 


fwDI 


WDI Transition Frequency 


WUS = Low 


250 






kHz 


A| 


IWC to Head Current Gain 






0.99 




mA/mA 


II 


Unselected Head Leakage 


Sum of X & Y Side Leakage Current 






85 


HA 



READ MODE CHARACTERISTICS 



A V 


Differential Voltage Gain 


V| N = 1 mVp.p @ 300kHz 
R L (RDX, RDY) = 1 kQ 


150 


180 


205 


VA' 


DR 


Dynamic Range 


DC Input Voltage (V|) 

Where Gain Falls 10% 

V, N = V, + 0.5mV P .p @ 300kHz 


-3 




+3 


mV 


BW 


Bandwidth (-3dB) 


|Z S I < 5Q, V| N = 1 mVp. P 


30 






MHz 


eiN 


Input Noise Voltage 


BW= 15MHz, L H = 0, R H = 






1.5 


nV/VFfi 


Qn 


Differential Input Capacitance 


f=5MHz 






20 


pF 


Rin 


Differential Input Resistance 


f = 5MHz, Tj = 25°C 


2k 






£1 


'hcr 


Head Current (per side) 


Read or Idle Mode 
< V cc ^ 5.5V 
0<V DD 1 < 13.2V 


-200 




200 


|IA 


In 


Input Bias Current (1 side) 








15 


U.A 


CMRR 


Common-Mode Rejection Ratio 


Vcm = V C t + 1 0OmVp.p @ f = 5MHz 


50 






dB 


PSRR 


Power Supply Rejection Ratio 


100mVp. P @%MHzon 
VDDl/V DD 1,V DD 2,orV cc 


45 






dB 


CS 


Channel Separation 


Unselected Channels: 
V, N = 100mVp. P @5MHz 
and Selected Channel: 
Vin = OVp.p 


45 






dB 


Vos 


Output Offset Voltage 


Read Mode 
Write or Idle Mode 


-460 
-20 




+460 
+20 


mV 
mV 


Rout 


Single-Ended Output Resistance 


f=5MHz 






30 


Q 



3^ Micro Linear 



5-197 



ML4451 

ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified V n n>1 = 1 2V ±1 0%, V cc = 5V ±1 0%, R C t = 1 20ft ±5%, l w = 35mA, L H = 1 OuH, R D = 750Q 

fDATA = 5MHz, C L (RDX, RDY) < 20pF, 0°C < T A < 70°C 

(Notes 2 and 3) (V|N is referenced to Vct for Read Mode Characteristics). 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


READ MODE CHARACTERISTICS (Continued) 


«L 


Leakage Current, RDX, RDY 


(RDX, RDY) = 6V Write or Idle Mode 


-100 




100 


JLIA 


b 


Output Current 


AC Coupled Load, RDX to RDY 


±2.1 






mA 


SWITCHING CHARACTERISTICS 


*RW 


R/W to Write Switching Delay 


To 90% of Write Current Output 






1 


LIS 


tWR 


R/W to Read Switching Delay 


To 90% of 1 0OmV, 1 0MHz Read 
Signal Envelope or to 90% Decay of 
Write Current 






1 


US 


t| W or 

tRI 


CS to Select Switching Delay 


To 90% of Write Current or to 90% of 
100mV, 10MHz Read Signal Envelope 






1 


^s 


t W |Or 

tRI 


CS to Unselect Switching Delay 


To 90% Decay of 200mV, 1 0MHz 
Read Signal Envelope or to 90% 
Decay of Write Current 






1 


LIS 


tHS 


Head Select Switching Delay 


To 90% of 1 00MHz Read Signal 
Envelope 






1 


LIS 


tD1 


Safe to Unsafe 
Write Unsafe Delay 


lw = 35mA 


1.6 




8 


LIS 


tD2 


Safe to Unsafe 
Write Unsafe Delay 


lw = 35mA 






1 


|1S 


tD3 


Prop. Delay Head Current 


L H = 0, R H = From 50% points 






25 


ns 




Asymmetry Head Current 


WDI has 50% Duty Cycle and 1 ns 
Rise/Fall Time 






2 


ns 




Rise/Fall Head Current 


10% and 90% Points 






20 


ns 



Note 1 : Absolute maximum ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise specified are measured with 

respect to ground. 
Note 2: Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case test conditions. 
Note 3: Maximum junction temperature (Tj) should not exceed 1 35°C 



TIMING DIAGRAM 




Write mode Timing Diagram 
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FUNCTIONAL DESCRIPTION 



CIRCUIT OPERATION 

For any selected head, the ML4451 functions as a read 
amplifier when in Read mode, or as a write amplifier 
when in the Write mode. Pms HSO and HS1 determine 
head selection while pin R/W controls the Read/Write 
mode. A detected "write-unsafe" condition is indicated by 
pin WUS. 

READ MODE 

When the ML4451 is in the Read Mode, it operates as a 
low-noise differential amplifier on the selected channel. In 
Read mode the write data flip-flop is set and both the 
write unsafe detector and the write current source are 
deactivated. The center tap voltage is also lowered. Pins 
RDX and RDY provide differential emitter follower outputs 
which are in phase with the X and Y head input pins. 

Note that during the Read or Chip Deselect mode the 
internal write current is deactivated, thus making external 
write current gating unnecessary. 

WRITE MODE 

The ML4451 operates as a write-current switch when in 
the Write mode. Write current magnitude is determined by 
the following relationship: 

l K = K/Rwc 

Where: K = Write Current Constant 

Rwc = Resistance connected between pin 
WCandGND 

The head current is toggled between the X and Y side of 
the selected head by a negative transition on WDI (Write 
Data Input). When switching the ML4451 to write mode, 
the WDFF (Write Data Flip-Flop) is initialized to pass write 
current through the X-side of the head. 

The ML4451 exhibits enhanced write current stability 
which reduces the problem of oscillation. This is due to 
increased internal write current compensation. Also write 
current "glitches" during power-up are eliminated with an 
exclusive write current disabling function. 

The WUS (Write Unsafe) pin is an open collector output 
that gives a logic high level for any of the following unsafe 
write conditions: 

— Open head 

— Open head center-tap 

— Too low WDI frequency 

— Read mode selected 

— Device not selected 

— No write current 

Two negative transitions on WDI are required to clear 
WUS after the fault condition is removed. 

The ML4451 also offers a voltage fault detection circuit 
that prevents write current during power-loss or power-up. 



Table!. 



HEAD SELECT 


HS1 


HSO 


HEAD 














1 


1 


1 





2 


1 


1 


3 








4 





1 


5 


1 





6 


1 


1 


7 



Notes: = Logic Level Low 
1 = Logic Level High 
X = Don't Care 



Table 2. 



cs 


R/W 


MODE 








Write 





1 


Read 


1 


X 


Idle 



Notes: = Logic Level Low 
1 = Logic Level High 
X = Don't Care 
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TYPICAL APPLICATION 



+5V +12V 



MICROPROCESSOR 

AND 
CONTROL LOGIC 



WRITE DATA INPUT - 



READ DATA OUTPUT 



EF 



(3) 



►RctO) 



vcc 



wus 

R/W 



HSO 
HS1 



VDD1 VDD2 Vct 
HOX 



ML4451 H3Y 



WDI 
RDX 
RDY 



3 



> READ HEADS 



>. WRITE HEADS 



Note 1 : RCT is optional and is used to limit internal power dissipations (Otherwise connect Vdq1 to Vdd2). 

RCT (1/2 Watt) = 1 20 (40/l w ) ohms, where l w = Write Current, in mA. 
Note 2: Ferrite bead optional: used to suppress write current overshoot and ringing. Recommend Ferroxcube 3659065/4A6. 
Note 3: RDX and RDY load capacitance 20pF maximum. RDX and RDY output current must be limited to 100mA. 
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ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


ML4451 


20-Lead SOIC (S24) 



THERMAL CHARACTERISTICS 



PIN COUNT 


PACKAGE 


°ia 


24-Lead 


SOIC 


75°C/W 



icro Linear 
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September 1 994 
PRELIMINARY 

ML4452 



MR Head Preamplifier for Tape Drives 
2-CH Read and 1-CH Write with Readback 



GENERAL DESCRIPTION 

The ML4452 is a bipoloar monolithic read preamp circuit 
designed for use with two-terminal thin-film or MR 
recording heads for tape drives. It provides two dedicated 
low noise read channels and a separate write channel 
with read back capability for use with the servo head. 
The write channel in the ML4452 incorporates an internal 
700Q. damping resistor which dampens the write signals 
to the head. Additionally write current control and data 
protection circuitry are also provided. Because the read 
channels are independent there is no voltage drift, which 
is a problem with normal preamps when switching from 
the write to read mode. Power supply fault protection is 
provided by disabling the write current generator during 
power sequencing. 



FEATURES 

■ Architecturally Compatible to SSI's 32R4610AR 

■ Single +5 Volt Operation, P MAX < 200mW 

■ Read Mode Gain = 1 25 V/V 

■ Dedicated Read Channels for Greater Noise Immunity 

■ Write Channel also Provides Servo Readback Capability 

■ 700 Ohm Damping Resistor in the Write Channel 

■ Input Noise = 0.85nV/VRz max 

■ Input Capacitance = 45pF max 

■ Write Current Range = 10-35mA 

■ Enhanced System Write to Read Recovery Time 

■ Power Supply Fault Protection 

■ No Write Current Glitching on Power-up 

■ 20-pin SSOP Package 



BLOCK DIAGRAM 



rW 



VCC2 

-a- 



REFERENCE VOLTAGE 



MODE 
SELECT 



■O 



S Q 
WDFF 
T Q 



VOLTAGE 

FAULT 

REGULATOR 



READ PREAMP 



K 



WRITE DRIVER 




WRITE 
CURRENT 
SOURCE 



-Q- 



READ 
PREAMPS 

(X2) 



WRITE 

CURRENT 

SWITCH 

(XI) 

AND 

SERVO READ 

PREAMP 
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PIN CONNECTION 



ML4452 
20-Pin SSOP (R20) 



GND QI 
RWHOX [X 
RWHOY [X 
RH1X QI 
RH1Y QI 
RH2X QI 
RH2Y fT 

ncDE 

NC[X 
VCC2 QI 



20 X] NC 

19 X] R/w 

18 XI WC 

17 XH RDY 

16 XI RDX 

15 [J] HS0 

14 X] HS1 

13 XD VCC1 

12 XH WDI 

11 XH N c 



PIN DESCRIPTION 


NAME TYPE 


DESCRIPTION 


NAME 


TYPE 


FUNCTION 


HSO, HS1 I 


Head Select: Selects one of three 
heads 


RDX, RDY 


O 


X, Y Read Data: Differential read data 
output 


R/W I 


Read/Write: A high selects read mode 
and a low selects write mode 


WC 




Write Current: Used to set the 
magnitude of the write current 


WDI I 

RH1X, RH2X I 
RH1Y, RH2Y 


Write Data In: Changes the direction 
of the current in the head 

X, Y Head Connectors for MR Read 
only 


VCC1 
VCC2 
GND 


1 
1 
1 


+5 volt supply 

+5 volt supply for write current drivers 

Ground 


RWHOX I/O 
RWHOY 


X, Y Head Connectors for Servo 
MR read and inductive write 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (V cc 1 ) -0.3 to +7VDC 

DC Supply Voltage (V CC 2) -0.3 to +7VDC 

Write Current (l w ) 80mA 

Digital Input Voltage (V, N ) -0.3 to VCC1 + 0.3VDC 

Head Port Voltage (V H ) -0.3 to VCC1 + 0.3VDC 

Output Current: RDX, RDY (10) -10mA 

Storage Temperature Tstg -65 to +1 50°C 



OPERATING CONDITIONS 

DC Supply Voltage (V cc 1) 5 ±5% VDC 

DC Supply Voltage (V C c2) 5 ±5% VDC 

Operating Junction Temperature (Tj) +25° to +110°C 



ELECTRICAL CHARACTERISTICS 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VCC1 Supply Current 


Read Mode 
Write Mode 






33 

27 


mA 


VCC2 Supply Current 


Read Mode 
Write Mode 






11 
10+l w 


mA 


Power Dissipation 


Read Mode 
Write Mode 






230 
190+4I W 


mW 


Digital Inputs 


Input Low Voltage (V| L ) 








0.8 


VDC 


Input High Voltage (V| H ) 




2.0 






VDC 


Input Low Current 


V| L = 0.8V 


-0.4 






mA 


Input High Current 


V, H = 2.0V 






100 


uA 


VCC1 Fault Voltage 


l w < 0.2 mA 


3.7 


4.0 


4.2 


VDC 


Write Characteristics 


Write Current Constant "K" 






0.99 






Write Current Voltage (VWC) 




1.15 


1.25 


1.35 


V 


Differential Head Voltage Swing 




3.4 


6 




Vpp 


Unselected Head Current 








1 


mA (pk) 


Head Differential Load Capacitance 








25 


pF 


Head Differential Load Resistance 


Rd 


500 


700 


950 


ohms 


Write Current Range (lw) 




10 




45 


mA 


Read Characteristics C L (RDX, RDY) < 20pF, 


R L (RDX, RDY) = 1KQ 










Differential Voltage Gain 


V, N = 1mVpp@1MHz 


100 


125 


150 


V/V 


Voltage BW -1dB 


I Zs I < 5 ohm, V|n = 1 mVpp 


20 






MHz 


-3dB 




35 






MHz 


Input Noise Voltage 


BW= 15MHz, L H = 0, R H = 




0.6 


0.85 


nV/VHz 


Differential Input Capacitance 


V IN = 1 mVpp, f = 5MHz 




27 


35 


PF 


Differential Input Resistance 


V| N = 1 mVpp, f = 5MHz 
Read/Write head #0 
Read heads #1 & #2 


360 
900 






ohms 
ohms 


Dynamic Range 


AC input voltage where gain falls to 
90% of its small signal gain value. 
@f=5MHz 


3 






mVpp 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Read Characteristics C L (RDX, RDY) < 20pF, R L (RDX, RDY) = 1 KO (Continued) 



Common Mode Rejection Ratio 


V| N = OVDC + 1 0OmVpp @ 5MHz 


45 






dB 


Power Supply Rejection Ratio 
Separation 


1 0OmVpp @ 5MHz on V C c 
Unselected channels driven with 
V| N = 0VDC + 100mVpp 


40 
45 






dBChannel 
dB 


Output Offset Voltage 




-200 




+200 


mV 


Single-ended Output Resistance 


f=5MHz 






40 


Ohms 


Output Current 


AC Coupled Load, RDX to RDY 


1.4 






mA 


RDX, RDY Common Mode Output 




2.0 


2.8 


3.5 


VDC 



Switching Characteristics l w = 20mA, R H = 30 Ohm, L H = 1|xH, f DATA = 5MHz 



R/W Read to Write 


RA/V to 90% of write current 




0.1 


1.0 


US 


R/W Write to Read 


R/Wto90%of100mV 
Read signal envelope 




0.5 


1.0 


us 


HS 0, 1 to any head 


To 90% of 100mV10MHz 
Read signal envelope 




0.2 


1.0 


us 


Head Current 
WDI to l x -l Y (TD3) 
Asymmetry 
Rise/Fall Time 


L H = 0, R H = 
From 50% points 
WDI has 1 ns rise/fall time 
1 0% to 90% points 






32 
1.0 
12 


ns 
ns 
ns 



TIMING DIAGRAM 



JWWl 



A_ 



rt 




Figure 1 . Write Mode. 



MODE AND HEAD SELECT 



R/W 


HS1 


HS0 


HEAD 


MODE 











RWH0 


Write 


1 








RWH0 


Read 


1 





1 


RH1 


Read 


1 


1 





RH2 


Read 


1 


1 


1 


RESERVED 



Note: The TTL input RAV has an internal pull-up resistor to prevent an 

accidental write condition The TTL inputs HS0 and HS1 have internal 
pull-downs. 
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FUNCTIONAL DESCRIPTION 

The ML4452 has the ability to address up to 4 two- 
terminal thin-film heads and provide write drive or read 

amplification. Head selection and mode control_are 

described in the tables below. The TTL inputs R/W and CS 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HS1 have internal pull-downs. 
Internal clamp circuitry will protect the ML461 OR/461 1 R 
from a head short to ground condition in any mode. The 
damping resistors ane switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both CS and R/W low selects write mode which 
configures the ML461 OR/461 1 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. Head 
current is toggled between the X and Y side of the selected 
head on each high to low transition of the Write Data 
Input (WDI). A preceding read or idle mode select 
initializes the Write Data Flip-Flop to pass write current 
through the "X" side of the head. The current calculations 
are shown below: 

Write current (peak) is given by: 



l\A/ — 



K x VWC 
RWC 



where 



RWC is connected from pin WC to GND 
Actual head current is given by: 



w 



x ' Y "i + ^ 



where 



Rh = head + external wire resistance 
Rp = damping resistance 



VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under the 
conditions given below. After the fault condition is 
removed, a negative transition on WDI is required to clear 
WUS. 

— Write Data Input frequency too low 

— Device in Read Mode 

— Chip is disabled or head is open 

— No write current 
READ MODE OPERATION 

The Read mode configures the ML4452 as a low noise 
differential amplifier and deactivates the write current 
generator. The RDX and RDY output are driven by emitter 
followers. They should be AC coupled to the load. The 
(X,Y) inputs are non-inverting to the (X,Y) outputs. In the 
Idle or Write mode, the read amplifier is deactivated and 
RDX, RDY outputs become high impedance. This 
facilitates multiple R/W applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML4452 supports the feature by which the internal 
damping resistors are switched out in the read mode, 
which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum, less than 50mW. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4452CR 


0°C to +70°C 


20-Pin SSOP (R20) 
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PRELIMINARY 

ML4506 



5V Disk Voice Coil Servo Driver 



GENERAL DESCRIPTION 

The ML4506 is a voice coil power driver intended for use 
in 5V Hard Disk servo systems. The ML4506 contains all 
power and control circuitry necessary to drive the voice 
coils of most small form factor drives. In addition, power 
fail detection and head retraction functions are provided 
for orderly shut-down of the drive. 

The transconductance is programmed by a logic input at 
1/4 A/V and 1/24 A/V respectively, using a 1Q sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. This 
allows maximum flexibility and provides for the lowest 
forward drop by eliminating the need for a blocking 
diode. 



The power fail detection circuit includes a precision 1 .5V 
bandgap reference. 

The ML4506 is implemented using Micro Linear's bipolar 
array technology. This allows for easy customizing of the 
IC for a user's specific application. 

FEATURES 

■ 500mA power output with 1 .3V total forward drop 

■ Low offsets, cross-over distortion and quiescent current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract current, 
voltage limiting, and separate supply pin. 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 

■ Logic input available for disabling outputs 



BLOCK DIAGRAM 



6 



vcc 



3375 1600 



Jd • 

\ 2.25K 

LJ Wv- 



POWER FAIL 




HIGH/LOW » 1 

ENABLE >] 





-| +5V 




M"~^o enable T 




OVER-TEMP. 
DETECT 



S32K ,„ 



4* 







HIGH/LOW 



1 




RSENSE 



RSENSE 



Q- 



SERVO 
COIL 




Vret 



TL 



G- 






-M- 
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M vw- 
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PIN CONNECTION 



ML4506 
20-PIN SOIC (S20W) OR 20-PIN SSOP (R20W) 



VccfT" 

DISABLE | T~ 

RET SET fT~ 

HIGH/LOW [ T~ 

gnd nr~ 

VRETrT" 

RSENSE d 

PWR GND A f~T~ 

output+ nr~ 

OUT+ SENSE | T~ 




RETRACT 
RETR OUT 



POWER FAIL 
5V COMP 
REF 

CONTROL+ 
CONTROL- 
PWR GND B 
OUTPUT- 
PWRVC 



TOP VIEW 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 V CC 

2 DISABLE 

3 RET SET 



4 HIGH/LOW 



Positive Power supply for the IC. 
Normally connected to +5V. 

A logic "1 " turns off the main 
outputs. 

A Current into this sets up the 
voltage limit for the internal retract 
sourcing circuit 

A logic "1" sets the 
transconductance gain to 1/4 while 
a logic "0" sets the gain to 1/24. 
Transconductance gain is defined 



5 GND 

6 V RET 

7 R SENSE 

8 PWR GND A 



V R: 



SENSE 



(CONTROL +)- (CONTROL -) 

Analog Signal Ground 

Power supply for the retract circuit. 

Current sensing resistor terminal. 

Ground Terminal for power 
amplifier A. 



Positive Output terminal for bridge 
amplifier. 

Positive Amplifier Kelvin sense 
terminal. Tie to OUTPUT+. 



9 OUTPUT+ 

10 OUT+ SENSE 

1 1 PWR VC +5V supply for bridge amplifier 



PIN# NAME 



FUNCTION 



12 OUTPUT- 

13 PWR GND B 

14 CONTROL- 

15 CONTROL+ 

16 REF 

1 7 5V COMP 



18 POWER FAIL 



19 RETR OUT 



20 RETRACT 



Negative Output terminal for bridge 
amplifier. 

Ground Terminal for power 
amplifier. 

Negative input for current 
command. 

Positive input for current command. 

Reference input to the Power Fail 
comparator. Leave open to use 
internal 2.5V reference. 

Input to the Power Fail Comparator. 
Can be connected to a bypass 
capacitor for noise immunity. 

Open collector output drives low if 
pin 1 7 or pin 1 8 are below pin 1 6. 
Normally tied to pin 20. 

Open collector output pulls low to 
drive external PNP for retract if V C c 
is less than 3.5V and pin 20 is low. 

A logic "0" input causes the main 
outputs to tri -state and the 
retraction circuit to activate. This 
input also functions as a flag output 
and will go low in the event of an 
over-temperature condition. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 1,6,11) 7V 

Voltage Pins 2,4,1 8, 19,20 -0.3V to +7V 

Pins 14, 15 -0.3 to +V CC 

Output Current ±750mA 

Retraction Current 80mA 

Retract set current (pin 3) 3mA 



Junction Temperature 150°C 

Storage Temperature Range -65°C to 1 50°C 

Lead Temperature (Soldering 10 sec.) 150°C 

Thermal Resistance (0ja) 

SOIC Package (S) 55°C/W 

SSOP Package (R) 65°C/W 

OPERATING CONDITIONS 

Temperature Range 0°C to 70°C 

Supply Voltage (pins 1,11) 5V± 10% 

V RET (pin6) 1VtoV cc 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta= Operating Temperature Range, V<x = 5V ± 10%, Rsense = 1^/ 
CONTROL- (pin 15) = 2.5V, R SET (pin 3) = 3.7kQ, Load = 10iX 


PARAMETER 


CONDITION 


MIN 


TYP 


MAX 


UNITS 


AMPLIFIER 


Control Common Mode Range 




0.5 




Vcc-1 


V 


Offset 








±10 


mV 


Transconductance Gain 


pin 4 = 2V 
pin 4 = 0.8V 


238 
39.6 


250 
41.7 


263 
43.8 


mA/V 
mA/V 


Bandwidth 






100 




kHz 


Sinking saturation 


Iqut = 1 00mA 
Iqut = 300mA 
Iqut = 500mA 






0.5 
0.6 
0.8 


V 

V 
V 


Sourcing saturation 


Iqut = 1 00mA 
lour = 300mA 
'out = 500mA 






1.1 
1.2 
1.3 


V 
V 
V 


RETRACTION CIRCUIT V P , N2 o = 0.8V, V RET = 2.5V 


Iret SET 






0.75 




V 


Turn on time 






300 




ns 


Turn off time 






8 




U.S 


Sink current (lpns| 12 ) 


V P in12 = 0.4V 


34 


50 


150 


mA 


Source Voltage (Vpi^z) 


|pi N7 = -50mA 


0.3 


0.5 


0.7 


V 


POWER FAIL DETECTION CIRCUIT 


Reference Voltage 




1.35 


1.50 


1.65 


V 


Reference Source Impedance 






2.25 




kn 


5V Threshold 
Hysteresis 




4.40 


4.575 
30 


4.75 


V 
mV 


LOGIC INPUTS 


Voltage High (V, H ) 




2 


1.4 




V 


Voltage Low (Vjl) 






1.4 


0.8 


V 


Current High (Im) 


V, N = 5V 






±10 


mA 


Current Low (Ijl) 


V| N = 0V, except pin 20 
V|tM = 0V, pin 20 only 


-40 
-250 


-10 
-160 




mA 
mA 


CURRENT CONSUMPTION 


Pin 1 + Pin 11 


VpiN14 = V P |N15 = 2.5V 




10 


15 


mA 


Pin 6 


V PIN14 = 2.5V 




2.5 


5.0 


mA 
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FUNCTIONAL DESCRIPTION 

POWER AMPLIFIER 

The ML4506 power amplifier circuit is set up as a 
Howland Current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 4 high or low respectively). This 
architecture yields minimal cross-over distortion while 
maintaining low output cross conduction currents. 

The gain figure refers to the ratio of input voltage to the 
output voltage seen across R$ense- For example, at a 1/4 
gain setting, with V(-) input at 2.5V and the V(+) input at 
3.5V, +500mA would flow through the coil using a 0.5Q 
sense resistor. Under the same conditions with pin 4 low, 
the current would be 83mA. The ability to change from 
low to high gain allows more complete utilization of DAC 
resolution when in the track follow mode. 

The output stage (figure 2) is designed to provide minimal 
saturation losses and employs a "composite PNP" for the 
sourcing drive and a saturable NPN to sink current. 
Sourcing saturation drop is typically 0.9V while sinking 
saturation drop is typically 0.4V. 



R1 

i W- 



0- 



±Vv\A-4— 



-vW-f— 




R3 

f-^AAA- 



vcc 



-v5^J 



Hi3- 



0—1 



^a 



Rsense 






PWRVC 
A2^ 




SERVO 
COIL 



1 



POWER FAIL DETECT 

The ML4506 power fail detection circuit consists of a 
precision trimmed reference, resistor dividers, and a 
comparator with an effective hysteresis of 30mV. The 
output at pin 18 is open-collector and is normally tied to 
pin 1 which is internally pulled-up to 5V. 

RETRACT 

The retract circuit features provision for very low voltage 
operation as well as voltage limiting when a "live 7 ' retract 
with 5V on Vrej is performed. When pin 20 goes low, the 
internal NPN transistor will saturate, pulling SINK B 
(pin 11) low. A RETR OUT signal (open collector) 
saturates to drive an external PNP source transistor when 
pin 20 is low and when Vret (P m 6) is below 3.5V. This 
portion of the circuit will function with less than 1 V on 
Vret- 

An internal voltage limited pull-up circuit is provided 
which sources current on pin 7 to the VCM. This limit is 
set by an external resistor (see fig. 7) This circuit will 
operated reliably down to a V R ej voltage of around 2.5V. 
Pin 20 (Retract input) also serves as a flag to indicate an 
over-temperature condition on the die and goes low when 
the die temperature exceeds a safe operating limit (about 
160°C). 




< 



-D 



-D 

MD 



Figure 1 . Power Amplifier Topology. 



Figure 2. Power Output Stage. 
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Figure 3. Output Saturation Voltage vs. Output Current. 
(V cc = PWR VC = 5V) 



Tfek Stopped: 




16.'0mV\ Mlbbms CH2 / 



Figure 4. Output Current: 

V| N = 100Hz Sine Wave, 100mA P _ P 

Low Gain Mode (V PIN 5 = 0), Rsense = 0.5Q, R L = 10Q. 



TQc stopped: 
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Figure 6. Total Harmonic Distortion vs. Frequency. 
Low Gain Setting (V PIN5 = 0), R S ense = ^&, v in = 2.4V P . P 
High Gain Setting (V PIN5 = 0), R SENSE = 1^, V, N = 0.4V P . P 
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Figure 7. R SET vs. Retract Source Voltage Limit. 



Figure 5. Output Current: 

V, N = 1kHz Sine Wave, 100mA P . P 

Low Gain Mode (V PIN 5 = 0), Rsense = 0.5ft, R L = 10Q. 
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APPLICATIONS 

COMPENSATION 

Figure 8 shows the equivalent AC circuit for the 
transconductance amplifier. 




Figure 8. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by Cout 
which varies with the value chosen for Rsense 



c out = 



25nF 
Rsense 



With no snubber (RS and CS) the bandwidth is limited to: 



-3dB : 



[J' 



2-414 



2% 



L(M) C(OUT) 



Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 



R(S) 



/ L(VCM) 
V C(OUT) 



For a given C(S), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of R(S) 
will result in more ringing and more bandwidth. Smaller 
values of R(S) will result in more ringing and less 
bandwidth. R(S) should not exceed 300Q. 

C(S) (snubber capacitor) values of between 200nF and 1liF 
are usually necessary to acheive the desired reduction of 
ringing in the step response. At optimum value of R(S) 
larger values of C(S) further reduce the ringing but do not 
affect the bandwidth. 

Tuning the current loop response can be best done 
simulating the network in figure 8 with a computer 
simulator (such as SPICE). 



MICROCONTROLLER 



V 



XFER 

ML2341 Vcc 
WR 

CS 

VREF OUT 

DB0-DB7 VREF IN 

VZS 
CAINO 

GAIN1 VOUT 

AGND 



» T , 



.IHF 



IT* 



20 c X~ 

.1HF __. 



Vcc 

5V COMP 



CONTROL+ 
CONTROL- 
GND 

DISABLE 



POWER FAIL 



RETRACT 
HIGH/LOW 



Vret 

RETR OUT 
OUT+ SENSE 

OUTPUT+ 
PWR GND A 

Rsense 

OUTPUT- 
PWR GND B 



+4- 



+4- 



-W\r- 



~± 



SERVO ■ 
COIL 



13 

n 



Rret 



Figure 9. Typical Application: ML4506 used with ML2341 8-bit DAC provides up to 12-bit effective resolution. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4506CS 
ML4506CR 


0°C to 70°C 
0°C to 70°C 


20-Pin SOIC (S20W) 
20-Pin SSOP (R20) 
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ML4508 



Low Voltage Drop Voice Coil Servo Driver 

GENERAL DESCRIPTION 



The ML4508 is a voice coil power driver intended for use 
in High Performance 5V Hard Disk servo systems. The 
ML4508 contains all control circuitry necessary to drive 
the voice coils of most small drives. To maximize 
compliance voltage, the ML4508 includes two 1-Amp 
(typical) NPN drivers and provides drivers for external 
PNP transistors. In addition, power fail detection and a 
low voltage head retraction functions are provided for 
orderly shut-down of the drive. 

The transconductance is programmed by a logic input at 
1/4 A/V and 1/24AV respectively, when using a 1Q sense 
resistor. This allows for greater DAC resolution in digitally 
controlled servos during track follow without 
compromising dynamic range during seek. 

The retraction circuit, main drive circuit, and control 
circuits are each powered from their own supplies. Retract 
allows the use of an external PNP retraction with as little 
as 1 V of back EMF from the spindle. 



The power fail detection circuit includes a precision 1 .5V 
bandgap reference and a power fail comparator. 

The ML4508 is implemented using Micro Linear's bipolar 
array technology. This allows for customization of the IC 
for a user's specific application. 



FEATURES 

■ Low saturation voltage (<1 V at 1 A typically) 

■ No cross-over distortion with low quiescent current 

■ Pin-programmable transconductance settings 

■ Retraction circuitry with programmable retract voltage 
and separate power pin 

■ On-chip precision power fail detect circuitry 

■ Over-temperature protection with flag output 



BLOCK DIAGRAM 



+5v|— gg- 




1 



. FROM 
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PIN CONNECTION 



ML4508 
24-Pin SOIC 



Vcc CX 


1 


24 XI +5V 


DISABLE (PWR DOWN) LX 


2 


23 


ZU RETRACT 


HIGH/LOW CX 


3 


22 


XI POWER FAIL 


RETROUT CX 


4 


21 


X] +5V 


RET SET CX 5 


20 XI 5V SENSE 


GND LX 6 


19 


XI COMP 2 


R(SENSE) CX 7 


18 


XI COMP 1 


V(RET) CX 8 


17 


T1 CONTROL- 


SOURCE B LX 9 


16 


XI CONTROL+ 


PWR GND B CX 10 


15 


X3 PWR GND A 


SINK B LX 11 


14 


XI SINK A 


SOURCE A CX 12 


13 


ZU SINK A REF 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



1 v cc 

2 DISABLE 
(PWR DOWN) 



HIGH/LOW 



RETR OUT 



5 RET SET 

6 GND 

7 R(SENSE) 

8 V(RET) 

9 SOURCE B 

10 PWR GND B 

11 SINKB 



Supply input to power amplifiers. 

A Logic "1 " puts the IC into a low 
power state and disables the power 
amplifiers. 

A logic "1" sets the 
transconductance gain to 1/4 while 
a logic "0" sets the gain to 1/24. 
Transconductance gain is the 
V RSENSE + V CONTROL 

Open collector ouput which pulls 
low during retract. Used to drive 
external power transistor to source 
retract current to the coil and can 
provide a braking signal to spindle. 

External set resistor to establish a 
voltage limit for the internal retract 
driver. 

Analog signal ground. 

Current sense resistor terminal. 

Supply pin for retract circuits. 

PNP Base drive ouput for inverting 
power amplifier. 

Power return pin for inverting 
power amplifier. Normally used for 
current sensing. 

Current sinking ouput for inverting 
power amplifier. Connects to voice 
coil (-) terminal. 



PIN# NAME 



FUNCTION 



12 SOURCE A 

13 SINK A REF 

14 SINKA 

15 PWR GND A 

16 CONTROL+ 

17 CONTROL- 

18 COMP1 

19 COMP 2 

20 5V SENSE 

21 +5V 



22 POWER FAIL 



23 RETRACT 



24 +5V 



PNP Base drive output for non- 
inverting power amplifier. 

Kelvin sensing point for power 
amplifier. Connect to SINK A. 

Current sinking output for non- 
inverting power amplifier. Connects 
to voice coil (+) terminal. 

Power return pin for non-inverting 
power amplifier. Normally used for 
current sensing. 

Positive input for current comand. 

Negative input for current 
command. 

Pin for external compensation 
capacitor. 

Pin for external compensation 
capacitor. 

Center node of a resistor divider 
from +5V. 

Input for +5V for power fail 
detection and logic power supply. 

Open Collector output drives low 
for low voltage conditions. 

A logic "0" initiates retract. Also 
used as an open-collector over 
temperature output flag. 

For power fail comparator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (pins 1,8) 7V 

Voltage Pins 2,3,23 -0.3Vto+7V 

Pins 4, 7, 9, 11, 12, 13, 14, 16, 17, 22 -0.3 to +V CC 

Output Sink Current ±1 A 

Retraction Current 80mA 

Retract Set current (pin 5) 3mA 



Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) 150°C 

Thermal Resistance (0 JA ) 60°C/W 

OPERATING CONDITIONS 

Temperature Range 0°C to +70°C 

V<x Supply Voltage 4.5 to 5.5V 

+5V (pin 21) Supply Voltage 4.5 to 5.5V 

Vret (Pin 8) Supply Voltage 2.5V 

Control + Voltage Range (pin 1 5 = 5V) 0V to V C c 

Control - Voltage Range 2VtoV cc - 1.5V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = Operating Temperature Range, V cc = Operating Range, Rsense = 1^/ Rcoil = 1 5Q, 
CONTROL- (pin 1 7) = V cc/2/ C1 = 30pF, Q1, Q2 = MJE210, R SE t = 3.7kfl 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNIT 



AMPLIFIER 



Offset 








±10 


mA 


Gain 


Pin 5 = 2V 


238 


250 


263 


mA/V 




Pin 5 = 0.8V 


39.6 


41.7 


43.8 


mAA/ 


Bandwidth 






100 




KHz 


Sinking Saturation 


Iqut = 1 00mA 




0.1 


0.6 


V 




Iqut = 300mA 




0.2 


0.8 


V 




'out = 500mA 




0.3 


1.0 


V 


Sourcing Saturation 


Iqut = 1 00mA 




.1 




V 




Iqut = 300mA 




.2 




V 




'out = 500mA 




.3 




V 


Source A/B Base Drive 




10 




50 


mA 


Q1/Q2 Standby Current 


V P ,N16 = 5V 




4 




mA 



RETRACTION CIRCUIT V 



l(RET) SET 






.75 




V 


Turn On Time 






800 




ns 


Turn Off Time 






8 




Us 


Source Voltage 


V P ,N23 = 0.8V,Vp, N8 = 3V, 
IpiN 7 = 50mA 


0.95 


1.2 


1.5 


V 


Sink Current 


V P iN23 = 0.8V,V PIN8 = 1.2V, 
force 50mA into pin 1 1 


10 


37 


1000 


mV 


RETR OUT Vql 


Vpin 23 = 0.8V, l P | N 4 = 1 mA 




0.1 


0.4 


V 



POWER FAIL DETECTION CIRCUIT 



5V Threshold 




4.40 


4.575 


4.75 


V 


Hysteresis — 5V Sense 






30 




mV 



5-216 



3%^ Micro Linear 



ML4508 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, T^ = Operating Temperature Range, V<x = Operating Range, Rsense = 1 Q RcoiL = 1 5£2, 
CONTROL- (pin 1 7) = V CC /2, C1 = 30pF, Q1 , q2 = MJE21 0, R SE t = 3.7kfl 



PARAMETER 



CONDITION 



MIN 



TYP 



MAX 



UNITS 



LOGIC INPUTS AND OUTPUTS 



Voltage High (V iH ) 




2 


1.4 




V 


Voltage Low (Vil) 






1.4 


0.8 


V 


Current High (Iih) 


V| N = 5V 






±10 


uA 


Current Low (l||_) 


V| N = 0V, except pin 23 
V| N = 0V, pin 23 only 


-40 
-250 


-10 
-160 




UA 
uA 


Voltage Low (pins 22, 23) 


Iql = 1 rnA 






.4 


V 



OVER-TEMPERATURE DETECTION 



Tj Thresh hold 






160 




°C 


Hysteresis 






30 




°C 



CURRENT CONSUMPTION 












Pin 21 


Pin 21 = 5.5V 




5 


7 


mA 


Pin 1 


V cc = 5.5V, Vp| N 16 = Vqc/2 




5 


10 


mA 


Pin 8 


V P , N8 = 5.5V,Vp, N2 3 = 5V 




3.5 


5 


mA 



FUNCTIONAL DESCRIPTION 



POWER AMPLIFIER 

The ML4508 power amplifier circuit (figure 1) is set up as 
a Howland Current source with a fixed gain of 1/4 or 1/24 
(set by driving pin 3 high or low respectively). This 
architecture yields minimal crossover distortion while 
maintaining low output cross conduction currents. The 
gain figure refers to the ratio of input voltage to the output 
voltage seen across Rsense- For example, at a 1/4 gain 
setting, with V(-) input at 2.5V and the V(+) input at 4.5V, 
+500mA would flow through the coil using a 1Q sense 
resistor. Under the same conditions with pin 3 low, the 
current would be 83mA. If lower input voltage swings and 
higher currents are desired, the overall transconductance 
gain may be increased by using a lower value of sense 
resistor, however offset current will increase 
proportionally. The ability to change from low to high gain 
allows more complete utilization of DAC resolution when 
in the track follow mode. 

The output stage is designed to provide minimal saturation 
losses and employs an external PNP transistor for the 
sourcing drive and an internal saturable NPN to sink 
current. Sinking saturation drop is typically under 0.4V. 
Sourcing saturation drop depends on the external 
transistors used. 

Care should be taken to avoid drawing substrate currents 
due to negative excursions on any pin of the ML4508. 
Schoktty diodes should be included on both sides of the 
VCM to prevent negative excursions from forward biasing 
the substrate diodes on the IC. 




Figure 1 . Simplified Power Amplifier Schematic 
(High Gain Mode) 

Two areas should be considered to avoid high frequency 
oscillation in the output stage: 

1 . Choose external PNP transistors with a Fj of at least 
50MHz. 

2. An RC compensation network should be used to 
cancel the zero presented to the output by the L/R of 
the voice coil motor as shown in figure 2. 

COMPENSATION 

Figure 2 shows the equivalent AC circuit for the current 
amplifier. 
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COMP 1 COMP 2 

DD 

4.25K 




CONTROL- 

D 



VcC/2 



Figure 2. AC Equivalent Circuit for Current Amplifier, 
Voice Coil Motor (VCM) and Snubber. 

The amplifier's current bandwidth is limited by Cout 
which varies with the value chosen for Rsense 



Cout* 



1200x(C COM p+12.8pF) 



R 



SENSE 



Where Ccomp ' s C1 between pins 18 and 19. With no 
snubber (R s and C$) the bandwidth is limited to 



-3dB = 



_L _L 

2k VLC 



Since this is a second order system with L(M) and C(OUT) 
forming a resonant circuit, some damping is desirable to 
reduce ringing in the step response. This is accomplished 
with a resistive snubber. The optimum value of R(S) occurs 
when the following condition is met: 



For a given CCS), setting R(S) to this value will minimize 
the ringing in the transient response. Larger values of R(S) 
will result in more ringing and more bandwidth. Smaller 
values of R(S) will result in more ringing and less 
bandwidth. C(S) (snubber capacitor) values of between 
200nF and 1 mF are usually necessary to achieve the 
desired reduction of ringing in the step response. At the 
optimum value of R(S) larger values of C(S) further reduce 
the ringing but do not affect the bandwidth. 

Timing the current loop response can be easily done 
simulating the network in figure 2 with a computer 
simulator (such as SPICE). 

POWER FAIL DETECT CIRCUIT 

The ML4508 circuit consists of a precision trimmed 
reference, resistor dividers and an "or function" 
comparator with hysteresis. The output (open collector) of 
this circuit appears on pin 22. When either comparator 
input (pins 20 and 24) falls below the 1 ,5V reference, pin 
22 pulls low. 

RETRACT CIRCUITS 

When pin 23 goes low, pin 4 will pull low. The internal 
NPN transistor will saturate, pulling SINK B (pin 11) low. 
This portion of the circuit will function with less than 1 V 
on V(RET). An internal voltage limited pull-up transistor is 
provided which sources current on pin 7 to the VCM. This 
circuit will be operated reliably down to a V(RET) voltage 
of around 2.5V. 



R(S) 



L(VCM) 
\ C(OUT) 





Figure 3. Output Current: V|n = 100 Hz Sine Wave, 
1 Vp_ p Low Gain Mode (V P | N 3 = 0), Rsense = 1& 



Figure 4. Output Current: V|n = 1 KHz Sine Wave, 
1 Vp.p Low Gain Mode (Vpi N 3 = 0), Rsense s 1fl 
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Figure 5. Output Saturation Voltage vs Output Current 
(Q 1= Q 2 = MJE210) 



Figure 6. Output Saturation Voltage vs Output Current 
with BSR31 (Qt = Q 2 = BSR31) 
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Figure 7. Retract Source Voltage Limit 
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Figure 8. Retract Sink Voltage vs Current 




Vcc 

DISABLE (PWR DOWN) 
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V(RET) 

SOURCE B 
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SINKB 
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ML4508 
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COMP2 19 
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CONTROL- 17 

CONTROL+ 16 
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Figure 9. Typical 1 2V Application 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4508CS 


0°C to +70°C 


S20W 
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5V Sensorless Spindle Motor Controller 



GENERAL DESCRIPTION 

The ML4510 provides complete commutation for delta 
or wye wound Brushless DC (BLDC) motors without 
the need for signals from Hall Effect sensors. This IC 
senses the back EMF of the 3 motor windings (no 
neutral required) to determine the proper 
commutation phase angle using phase lock loop 
techniques. This technique will commutate virtually 
any 3-phase BLDC motor and is insensitive to PWM 
noise and motor snubbing. 

Included in the ML4510 is the circuitry necessary for a 
Hard Disk Drive microcontroller driven control loop. 
The ML4510 controls motor current with either a 
constant off -time PWM or linear current control driven 
by the microcontroller. Speed feedback for the micro 
is a stable digital frequency equal to the commutation 
frequency of the motor. All commutation is performed 
by the ML4510. Braking and Power Fail are also 
included in the ML4510. 

Since the timing of the start-up sequencing is 
determined by external circuitry, the system can be 
optimized for a wide range of motors and inertial 
loads. 



The ML4510 modulates the gates of external N-channel 
power MOSFETs to regulate the motor current. The IC 
drives external PNP transistors or P-channel MOSFETs 
directly. Special circuits are used to save base drive 
power at low load currents. 

FEATURES 

■ Back-EMF Commutation Provides Maximum Torque 
for Minimum "Spin-Up" Time for Spindle Motors 

■ Accurate, Jitter-Free Phase Locked Motor Speed 
Feedback Output 

■ Operates on Single 5V Power Supply 

■ Linear or PWM Motor Current Control 

■ Easy Microcontroller Interface for Optimized Start- 
Up Sequencing and Speed Control 

■ Power Fail Detect Circuit 

■ Drives External N-Channel FETs and PNP's or 
P-Channel FETs 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4510 
28-Pin SOIC (S28W) 



GNDEE 
PNP1 EE 

pnp2 ee 

VCC2CX 
PNP3EE 

CotaEE 

OTA OUT EE 

ota in ee 

N1 EE 

N2 EE 

men. 

I(SENSE) EE 
Cos EC 
CvcoEE 



28 


XI KCMD) 


27 


T1 l(LIMIT) 


26 


Tl BRAKE 


25 


XI v C c 


24 


XI PH3 


23 


XI PH2 


22 


XI PHI 


21 


XI KRAMP) 


20 


XI RC 


19 


X3 NC 


18 


XI ENABLE E/A 


17 


XI PWR FAIL 


16 


XI RESET 


15 XI VCO OUT 



PIN DESCRIPTION 



PIN # 



NAME 



FUNCTION 



GND 
PNP1 

PNP2 

VCC2 
PNP3 

Qdta 
OTA OUT 



8 


OTA IN 


9-11 


N1, N2, N3 


12 


I(SENSE) 


13 


c os 


14 


Cvco 


15 


VCO OUT 



Signal and Power Ground. 

Drives the external PNP power 
transistor driving motor PH1. 

Drives the external PNP power 
transistor driving motor PH2. 

5V power. 

Drives the external PNP power 
transistor driving motor PH3. 

Compensation capacitor for 
linear motor current amplifier 
loop. 

Output of motor current error 
amplifier, normally connected to 
OTA IN or to external MOSFET 
gate. 

Driving voltage for N1-N3. 
Normally tied to OTA OUT. 

Drives the external N-channel 
MOSFETs for PH1, PH2, PH3. 

Motor current sense input. 

Timing capacitor for fixed off- 
time PWM current control. 

Timing capacitor for VCO. 

Logic output from VCO. 



PIN tt 



NAME 



FUNCTION 



16 


RESET 


17 


PWR FAIL 


18 


ENABLE E/A 


19 


NC 


20 


RC 


21 


KRAMP) 


22 


PH1 


23 


PH2 


24 


PH3 


25 


VCC 


26 


BRAKE 


27 


l(LIMIT) 


28 


KCMD) 



Input which holds the VCO off 
and sets the ML4510 to the 
RESET condition. 

A "0" output indicates 5V is 
under- voltage. 

A "1" logic input enables the 
error amplifier and closes the 
back-EMF feedback loop. 

No Electrical Connection. 

VCO loop filter components. 

Current into this pin sets the 
initial acceleration rate of the 
VCO during start-up. 

Motor Terminal 1. 

Motor Terminal 2. 

Motor Terminal 3. 

5V power supply. Terminal which 
is sensed for power fail. 

A "0" activates the braking 
circuit. 

Sets the threshold for the PWM 
comparator. 

Current Command for Linear 
Current amplifier. 
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OPERATING CONDITIONS 

Temperature Range 0°C to +70°C 

V cc Voltage (pins 4, 25) 5V ± 10% 

l(RAMP) Current (pin 21) to 100//A 

I Control Voltage Range (pins 27, 28) 0V to 3V 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (pins 4, 25) 7V 

Output Current (pins 2, 3, 5, 9, 10, 11) ±150mA 

Logic Inputs (pins 16, 18, 26) -0.3 to 7V 

l(SENSE) Voltage (pin 12) 0.9V 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec) 150°C 

Thermal Resistance (0 jA ) 60°C/W 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = Operating Temperature Range, Vcc = Vcc2 : 
Cos = .0^/F 



5V RsENSE - 10, CqtA - CycO = -01//F, 



PARAMETER 



CONDITIONS 



MIN TYP 



Oscillator (VCO) Section (Mode 1 or 2 unless otherwise specified) 



Sampling Amplifier 



Motor Current Control Section 



Power Fail Detection Circuit 



Logic Inputs 



MAX UNITS 



Frequency vs. V P | N 20 


1V < V PIN 20 < 3.5V 




670 




Hz/V 


Frequency 


V vco = 2.5V 


830 


1675 


2500 


Hz 




V V co - -5V 


120 


245 


350 


Hz 


Reset Voltage at C V co 


Mode - 




125 


250 


mV 



Vrc 


Mode 




125 


250 


mV 


Irc 


Mode 1, Rramp = 39KO 


16 


33 


50 


ii/k 




Mode 2A, V PH2 = 0.5V 


30 


60 


90 


//A 




Mode 2A, V PH2 = 2.5V 


-6 


2 


6 


M 




Mode 2A, V PH2 = 4.5V 


-30 


-60 


-90 


UA 



l(SENSE) Gain 


V PIN 27 = 5V, 0V < V PIN 28 < 2.5V 


4 


5 


6 


V/V 


One Shot Off Time 




12 


25 


33 


fJS 


l(CMD) Transconductance Gain 






.19 




mmho 



5V Threshold 




3.8 


4.25 


4.5 


V 


Hysteresis 






70 




mV 



Voltage High (V, H ) 




2 






V 


Voltage Low (V !L ) 








.8 


V 


Current High (l, H ) 


V IN = 2.7V 


-10 


1 


10 


M 


Current Low (l !L ) 


V, N = 0.4V 


-250 


-120 


-60 


M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ta = Operating Temperature Range, Vcc = Vcc2 ! 
Cos - O^F 



5V, RsENSE = 1 ^/ CqtA = CyCO = -01/lF, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outputs 


l(CMD) = l(LIMIT) = 2.5V 










l PNP Low 




50 


75 


100 


mA 


lp NP High 


Off State 


-100 




100 


//A 


V N High 


V p ,n 8 - 0.5V 


2.4 


3.1 


3.8 


V 


V N Low 






.2 


.7 


V 


A v Pin 8 to V N 


V PIN 8 = 0.5V 


-3.0 


-3.75 


-4.5 


v/v 


LOGIC Low 


•out = 0.5mA 






.4 


V 


LOGIC Iqut High 






5 




M 


Supply Currents 


(N and PNP Outputs Open) 




Ilmt - 2.5V 


ICMD - 0V 




V cc Current (Pin 25) 






28 


40 


mA 


V CC2 Current (Pin 4) 






2 


5 


mA 





FUNCTIONAL DESCRIPTION 

The ML4510 provides closed-loop commutation for 
3-phase brush less motors. To accomplish this task, a VCO, 
Integrating Back-EMF Sampling error amplifier and 
sequencer form a phase-locked loop, locking the VCO to 
the back-EMF of the motor. The IC also contains circuitry 
to control motor current with either linear or constant off- 
time PWM modes. Braking and power fail detection 
functions are also provided on chip. The ML4510 is 
designed to drive external power transistors (N-channel 
MOSFET sinking transistors and PNP sourcing transistors) 
directly, and contains a special circuit to reduce PNP base 
currents when output current demand is reduced. 

Start-up sequencing and motor speed control are 
accomplished by a microcontroller. Speed sensing is 
accomplished by monitoring the output of the VCO, 
which will be a signal which is phased-locked to the 
commutation frequency of the motor. 



BACK-EMF SENSING AND COMMUTATOR 

The ML4510 contains a patented back-EMF sensing circuit 
which samples the phase which is not energized (Shaded 
area in figure 2) to determine whether to increase or 
decrease the commutator (VCO) frequency. A late 
commutation causes the error amplifier to charge the filter 
(RC) on pin 20, increasing the VCO input while early 
commutation causes pin 20 discharge. Analog speed 
control loops can use pin 20 as a speed feedback voltage. 

The input impedance of the three PH inputs is about 8KQ 
to GND. When operating with a higher voltage motor, the 
PH inputs should be divided down in voltage so that the 
maximum voltage at any PH input does not exceed VCC. 
See ML4411 data sheet for applications. 

VCO AND PHASE DETECTOR CALCULATIONS 

The VCO should be set so that at the maximum frequency 
of operation (the running speed of the motor) the VCO 



NEUTRAL 
SIMULATOR 



PA + 4>B + PC 
6 




D- 



Va-Vb 



SIGN 
CHANGER 



© 




00 



COMMUTATION 
LOGIC 



KPIN21) 



B 



Figure 1 . Back EMF Sensing Block Diagram. 
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7 



Figure 2. Typical Motor Phase Waveform with Back-EMF 
Superimposed (Ideal Commutation). 

control voltage will be no higher than VCCmin - 1 V. The 
VCO maximum frequency will be: 

F MAX = 0.05 x POLES xRPM 

where POLES is the number of poles on the motor and 
RPM is the maximum motor speed in Revolutions Per 
Minute. 

The minimum VCO gain derived from the specification 
table (using the minimum Fyco at Wco = 2.5V) is: 



K VCO(MIN) : 



.3.32x10-6 



Cvco 
Assuming that the V V co(MAX) = 3.2V, then 

,3.2x3.32x10-6 



C V co = - 



Cvco = 



F MAX 



212 



POLES x RPM 



M-F 



Figure 3 shows the transfer function of the Phase Lock 
Loop with the phase detector formed from the sampled 
phase through the Gm amplifier with the loop filtered 
formed by R, G|, and C2. 

The impedance of the loop filter is 



Zrc(s) = 



1 (s + colead) 
Qs (s + co LAG ) 
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0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 
VCO IN - PIN 20 (V) 

Figure 4. VCO Output Frequency vs. V V co (P' n 20) 

Where the lead and lag frequencies are set by: 
1 



Wlead = 



RC 2 



»LAG 



. Q + C 2 

RCtC 2 



Requiring the loop to settle in 20 PLL cycles with a spread 
of 1 between ©lead = 1 x colag produces the following 
calculations for R, Q and C 2 : 



Q- 



1.97x10-9 
CvcoxFyco 



C 2 =9xQ 



R = - 



12.65 
QxFVco 



START-UP SEQUENCING 

When the motor is intitially at rest, it is generating no 
back-EMF. Because a back-EMF signal is required for 
closed loop commutation, the motor must be started 
"open-loop" until a velocity sufficient to generate some 
back-EMF is attained (around 100 RPM). 

Two modes are possible for starting the motor. For the 
lowest possible starting time, the chip is held in the reset 
(mode R) state by holding pin 16 low and providing full 
current to the motor (figure 5). 



Gm = 1.25x10- 4 




fv. 




00 



FoUT-<- 



1 Z RC 




1 


J 




M 


:r 




C1 




"C2I 






t ' 




Z-J 



KvCO(HZ/V) 



Figure 3. Back EMF Phase Lock Loop Components. 
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Pin 
16 


Pin 
18 


Pin 
21 


l(LIMIT) 
l(CMD) 


1 








Fixed 


'max 


2 


1 





Fixed 


'max 


3 


1 


1 





'max 



Figure 5. Minimum Time Start-Up Sequence. 
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Step 1 : The IC is held in reset (mode R) with full power 
applied to the windings (see figure 7). This aligns the rotor 
to a position which is 30° (electrical) before the center of 
the first commutation state. 

Step 2: A fixed current is input to pin 21 and appears as 
a current on pin 20, and will accelerate the motor at a 
fixed rate. 



Step 3: When the motor speed reaches about 1 00 RPM, 
the back-EMF loop can be closed by pulling pin 18 low. 

Using this technique, some reverse rotation is possible. 
The maximum amount of reverse rotation is 360/N, where 
N is the number of poles. For an 8 pole motor, 45° reverse 
rotation is possible. 





STATE 


OUTPUTS 


INPUT 
SAMPLING 


N1 


N2 


N3 


PNP1 


PNP2 


PNP3 


Ror 


OFF 


ON 


OFF 


ON 


OFF 


ON 


N/A 


A 


OFF 


OFF 


ON 


ON 


OFF 


OFF 


PH2 


B 


OFF 


OFF 


ON 


OFF 


ON 


OFF 


PH1 


C 


ON 


OFF 


OFF 


OFF 


ON 


OFF 


PH3 


D 


ON 


OFF 


OFF 


OFF 


OFF 


ON 


PH2 


E 


OFF 


ON 


OFF 


OFF 


OFF 


ON 


PH1 


F 


OFF 


ON 


OFF 


ON 


OFF 


OFF 


PH3 



Figure 6. Commutation State Table. 




Figure 7. Start-Up Timing and Mode Sequencing. 
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SPEED CONTROL — CURRENT LOOP 

To facilitate speed control, the ML4510 includes two 
current control loops — linear and PWM (figure 8). The 
linear control loop senses the motor current on the 
l(SENSE) terminal through Rsense- An internal current 
sense amplifier's output modulates the gates of the 3 
N-channel MOSFET's when OTA OUT is tied to OTA IN, 
or can modulate a single MOSFET gate to control current. 

The ML451 also includes a current mode constant off- 
time PWM circuit. When motor current builds to the 
threshold set on l(LIMIT) input (pin 27), a one-shot is fired 
whose timing is set by Cos- The current in the motor will 
be controlled by the lower of pin 27 and pin 28. 



OUTPUT DRIVERS 

The motor's source transistor drivers are open-collector 
NPN's with internal 8KQ pull-up resistors, whose current 
is controlled according to the current demanded through 
the motor. To conserve power, the ML451 sets the 
current to PNP1, PNP2, and PNP3, proportional to the 
lower of pin 27 and pin 28. 

Drivers N1 through N3 are totem-pole outputs capable of 
sourcing and sinking 10mA. Switching noise in the 
external MOSFETs can be reduced by adding resistance in 
series with the gates. 

BRAKING 

Applying a logic on pin 26 activates the braking circuit. 
The brake circuit turns on PNP1 through PNP3 and turns 
offNPNI through NPN3. 



vcc2| — ^A^- 

8K 



PNP1 ... PNP3.— , V C C2 




Figure 8. Current Control and Output Drive. 
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Figure 9. I(LIMIT) Output Off-Time vs. Cos- 



Figure 10. Available PNP Drive Current vs. I(CMD) Input. 
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APPLICATIONS 

Figure 11 shows a typical application of the ML4510 in a 
hard disk drive spindle control. Although the timing 
necessary to start the motor in most applications would be 
generated by a microcontroller, Figure 12 shows a simple 
"one-shot" start-up timing approach. 

Speed control can be accomplished either by: 

1 . Sensing the VCO OUT frequency with a 

Microcontroller and adjusting l(CMD) via an analog 
output from the Micro (PWM DAC). 



2. Using analog circuitry for speed control (Figure 13). 

Q1, Q2, and Q3 are MJE210 or equivalent. Q4, Q5, and 
Q6 are IRFU010 or equivalent. Base resistors (50ft) are 
included to reduce power dissipation in the IC during 
start-up. If requested currents are low, these can be 
eliminated. Switching transients due to commutation can 
be reduced by increasing the 470ft gate resistors on 
Q4-Q6. 



VCC2 




Figure 11. ML4510 Typical Application. 
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FROM ML4410 \\ 
PIN 20 " 



f 




C3 



R4 

. VA ■ 



FROM ML4410 •>>> 14 

PIN 17 ** ™ 




Symbol 


Value 


A1 


LM358 


Q1 


74HC14 


D1, D2 


1N4148 


R1 


1MQ 


R2 


1MO 


R3 


100KO 



Symbol 


Value 


R4 


100KQ 


R5 


50KQ 


R6 


50KQ 


C1 


3.3//F 


C2 


3.3A/F 


C3 


.47//F 



Figure 1 2. Analog Start-up Circuit. 



Figure 1 3. Analog Speed Control. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4510CS 


0°C to +70°C 


28-Pin SOIC (S28W) 
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Servo Burst Area Detector 



GENERAL DESCRIPTION 

The ML4532 and ML4533 Area Detectors are designed 
to minimize the pipeline transport delay while 
accurately quantizing the area of servo bursts in high- 
speed embedded servo systems. Combined with the 
ML2261 or ML2264 High Speed A/D Converters, the 
ML4532 and ML4533 are designed to capture back-to- 
back servo bursts in a 700ns or larger window. Power 
dissipation is minimized by the use of a digital power 
down pin which allows the area detector to be 
powered down between the servo sectors. The ML4536 
is the ML4533 with different reference voltage levels. 

The ML4532 includes a PWM D/A for microprocessor 
control of the actuator driver, changing the REF AG c pin 
voltage during head change, or other system control 
functions. 



FEATURES 


ML4532 


ML4533 


ML4536 


Package Options 


20-Pin PCC 


16-Pin 


16-Pin 




or SSOP 


SOIC 


SOIC 


Zero-Scale Ref. Output Voltage 


1.25V 


1.25V 


1.0V 


Full-Scale Ref. Output Voltage 


3.75V 


3.75V 


3.4V 


Reference Output Voltage 


2.5V 


2.5V 


2.2V 


PWM D/A Onboard 


Yes 


No 


No 



FEATURES 

■ Allows for Area Detection of 1/ws back-to-back 
bursts 

■ AGC amplifier for maintaining accuracy 

■ 0.2% nonlinearity between 25% and 75% of input 
signal range 

■ 2% nonlinearity over the input signal range 

■ Provides zero- and full-scale outputs for A/D 
converter 

■ 5V supply, at 29mA for ML4533/ML4536, 35mA for 
ML4532 

■ Digitally controlled power down for minimizing 
power between sectors 

■ Bandgap Reference output 

■ ML4532 includes PWM D/A for controlling voice 
coil driver or AGC during head change 

■ ML4533/ML4536 available in 16-pin SOIC package 
ML4532 available in 20-pin PCC or SSOP package 

■ Reference outputs defining the minimum and 
maximum demodulation output values 



TYPICAL APPLICATION 



Cagc 



Hagc Vcc REFacc 



(5V) V C C 



FROM 

READ 

DATA 

PROCESSOR 



TO 

VOICE COIL 

DRIVER 



CPWM 



c 3 ^ 



MSBpwM LSBpwm f f RESET GND 




SH/TH MODE 



GATE ZERO X 



Typical HDD Digital Servo Application 
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ML4532 BLOCK DIAGRAM AND PIN CONNECTION 



Vcc REFagc 



jr W ^f\k»>3.75V raF 




Cpwm f LSBrwm GATEf RESET GND 
MSBpwm ZERO X (14) 



20-Pin PCC 

d/Aout REFagc 

2.50Vref |l.25V REF | LSBpwm 



CpwM [ 4 

RESET [ 5 

DEMOD OUT [ 6 

Cagc[ 7 

GATE[ 8 



9 10 11 12 13 



18 


] 3.75Vref 


17 


] Pdn 


16 


] MSBpwm 


15 


] GND 


14 


] ZERO X 



tpacc I in- I Vcc 

HAGC IN+ 



20-Pin SSOP 



1.25Vrefc 

D/AoUTc 

2.50Vrefc 

CPWMC 

RESET c 

DEMOD OUTC 

Cagcc 

GATEC 
TPAGCC 

Hagcc 



I o 


20 


=a REFagc 


2 v^ 


19 


ZZaLSBpwM 


3 


18 


=X33.75Vref 


4 


17 


=aP D N 


5 
6 


16 
15 


=gnd pwm 


7 


14 =33 ZERO X 


8 


13 =aVcc 


9 


12 


=alN+ 


10 


11 rniN- 



ML4533/ML4536 BLOCK DIAGRAM AND PIN CONNECTION 



Cagc Hagc 
9 9 

(5) 



tpagc o- 



Vcc REFagc 
9 

(16) 



ML4533/ML4536 



IAD 



■#" ^>^° 3 - 75V REF/3.4Vr E f 

r— \^ Vref+ 



(9) 
(10) 



Pdn oHbuf 

(14) 



AREA 
DETECTOR 




FFQ 
CKD 



tr 



2.5V 

BANDGAP 

REF 



2.50Vref/2.2Vref 
^2) VREF OUT 
TTrO DEMOD 
(4) OUT 



m 



■25V ref /1.0Vref 

Vref- 



(6) 

6 6 6 

GATEf RESET GND 
ZERO X (12) 



16-Pin SOIC (ML4533) 



1.25Vref Or 


1 


16 


3E) REFagc 


2.50Vref OX 


2 


15 


nn 3.75Vref 


RESET OE 


3 


14 


3EIPDN 


DEMOD OUT ar 


4 


13 


ID GND 


Cagc or 


5 


12 


3E1 ZERO X 


GATEOT 


6 


11 


2D Vcc 


TPagcOE 


7 


10 


3DIN+ 


Hagcdt 


8 


9 


UTJIN- 




TOP VIEW 




16-Pin 


SOIC (M 


IL4536) 


lovref nc 


1 


16 


nn REFagc 


2.2Vref OE 


2 


15 


3D 3.4Vr E f 


RESET OE 


3 


14 


3EIPDN 


DEMOD OUT OE; 


4 


13 


in GND 


CagcOE 


5 


12 


3D ZERO X 


GATEOT 


6 


11 


nnvcc 


Hagc or 


7 


10 


3EJ| N+ 


tpagcoe 


8 


9 


nn in- 
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PIN DESCRIPTION 














ML4533/ 








ML4533/ 






ML4532 


ML4536 






ML4532 


ML4536 






PIN # 


PIN # 


NAME 


DESCRIPTION 


PIN # 


PIN # 


NAME 


DESCRIPTION 


1 


1 


1.25V REF / 


Zero scale reference 


11 


9 


IN- 


Negative input. 






1.00V REF 


output. 


12 


10 


IN+ 


Positive input. 


2 




D/Aqut 


Analog output of PWM 
D/A 


13 


11 


Vcc 


5V power supply. 










14 


12 


ZEROX 


Zero detector crossing 
output. 


3 


2 


2.50V REF 


2.50 voltage reference 












2.20V REF 


output. 
















15 


13 


GND 


Ground. 


4 




CpwM 


PWM D/A smoothing 
















capacitor. 


16 




MSBp W M 


PWM D/A most significant 


5 


3 


RESET 


Reset, active high. 








bit input. 










17 


14 


Pdn 


Power down control, 


6 


4 


DEMOD 
OUT 


Area detector output. 








reduces power if logic 
high. 


7 


5 


Cagc 


AGC capacitor. 


18 


15 


3.75V REF 


Full scale reference 


8 


6 


GATE 


Defines area detect 






3.40V REF 


output. 








window, active high. 


19 




LSBp WM 


PWM D/A least significant 


9 


7 


TPagc 


Output test point for 








bit input. 








AGC. 


20 


16 


REF AGC 


AGC voltage reference. 


10 


8 


H AGC 


AGC hold input, AGC 
active when high; AGC 
constant when low. 











ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Power Supply Voltage, V C c 8V 

Input Voltage -0.3V to +8V 

Storage Temperature -65°C to +150°C 

Package Dissipation at T A = 25°C (Board Mount) 

20-Pin PCC 875mW 

20-Pin SSOP 750mW 

16-Pin SOIC 750mW 

Package Lead Temperature 

Soldering (10 sec) 260°C 

Vapor Phase (60 sec) 215°C 

Infrared (15 sec) 220°C 



OPERATING CONDITIONS 

Temperature Range to +70°C 

Supply Voltage (V cc ) 5V ± 5% 

dlN + ) " dlN-) 1Vp- P 

Cagc 100 P F 

REF AGC 2.5V 

Cpwm OIa/F 

C h at DEMOD OUT 100pF 
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ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of T A = to +70°C, Vcc = 4.75 to 
5.25V and external component values as recommended above, unless otherwise specified. 



PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(Note 2) 


MAX 


UNITS 


DEMODULATOR 


Differential Input Range 


3 


For Full Scale Output 


.25 




2 


Vp_p 


Differential AGC Range 


3 




0.8 




1.5 


v/v 


Differential Input Resistance 








4 




kn 


Differential Input Capacitance 








5 




PF 


Common Mode Input Resistance 








2 




kO 


Power Supply RR 








40 




dB 


Differential Nonlinearity 


5, 3 

5,4 


25% to 75% of Full Scale 
Zero to Full Scale 




.2 
2 


2 
5 


% 
% 


DEMOD OUT Offset Current 




V, N = ±500mV 






20 


//A 


Maximum DEMOD OUT Charge Current 


3 


GATE = High 


500 






//A 


DEMOD OUT Leakage Current 


3 


GATE = Low 






+5 


M 


DEMOD OUT Reset Voltage (ML4532/33) 
(ML4536) 






1.15 
0.9 


1.25 
1.0 


1.35 
1.1 


V 

V 


DEMOD OUT Reset Current 




Discharge, RESET = High 


2.0 






mA 


AUTOMATIC GAIN CONTROL 


AGC Dynamic Range 


3 




2.5 






V/V 


AGC Output Swing 


3 




1 






V 


Cagc Charging Current 


3 




150 




250 


M 


C A cc Discharging Current 


3 




150 




250 


VA 


C A gc Leakage Current 


3 








5 


M 


VOLTAGE REFERENCES 


1.25V REF Output Voltage (ML4532/33) 


3 


T A = 25°C 


1.20 


1.25 


1.30 


V 


3.75V REF Output Voltage (ML4532/33) 


3 


T A = 25°C 


3.60 


3.75 


3.90 


V 


2.50V REF Output Voltage (ML4532/33) 


3 


T A = 25°C 


2.40 


2.50 


2.60 


V 


1.0V REF Output Voltage (ML4536) 


3 


T A = 25°C 


0.95 


1.0 


1.05 


V 


3.4V REF Output Voltage (ML4536) 


3 


T A - 25°C 


3.2 


3.4 


3.6 


V 


2.2V REF Output Voltage (ML4536) 


3 


T A = 25°C 


2.05 


2.2 


2.35 


V 


Load Regulation 


3 


0mA < l OUT < 5mA 


-5 




+5 


mV/mA 


Line Regulation 






-30 




+30 


mV/V 


DIGITAL AND DC 


Logical "0" Input Voltage 


3 








.8 


V 


Logical "1" Input Voltage 


3 




2.0 






V 


Logical "0" Input Current 


3 


V, N = 0.4V 






-1.5 


mA 


Logical "1" Input Current 


3 


V IN = 2.5V 






+100 


M 


Logical "0" Output Voltage 


3 


ZERO X, lour = 1mA 






.5 


V 


Logical "1" Output Voltage 


3 


Iout = -1mA 


3.0 






V 


Supply Current ML4532 

ML4533/ML4536 


3 
3 
3 
3 


P DN = Low 
Pdn - High 
P DN = Low 
Pdn - High 




11 
5 


45 
15 
38 
12 


mA 
mA 
mA 
mA 


Monotonicity 


4 




9 


10 




Bits 


LSB to MSB Ratio 


3 




16.0 


16.5 


18.0 


V/V 
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ELECTRICAL CHARACTERISTICS (Continued) 

The following specifications apply over the recommended operating conditions of Ta = to +70°C, Vcc = 4.75 to 
5.25V, and external component values as recommended above, unless otherwise specified. 



PARAMETER 


NOTES 


CONDITIONS 


MIN 


TYP 
(Note 2) 


MAX 


UNITS 


D/A CONVERTER (ML4532 Only) 


Output Voltage Swing 


3 


R L = 5K 


1.25 




3.75 


V 


Logical "0" Input Voltage 


3 








.8 


V 


Logical "1" Input Voltage 


3 




2.0 






V 


Logical "0" Input Current 


3 


V, L = .4V 






-1 


mA 


Logical "1" Input Current 


3 


V IH - 2.5V 






300 


M 


DYNAMIC AND AC PARAMETERS (Figures 1 and 2) 


f B/ Burst Input Frequency 


4 




1 




10 


MHz 


tcs/ Gate Edge Setup Prior to 
Burst J Zero Crossing 


4, 6 








30 


ns 


tRESET/ Reset Pulse Width 


4,6 


C H < 200pF 


300 






ns 


tezx/ Burst Zero Crossing to 
ZERO X Output 


4,6 


C L = 50pF 






25 


ns 


tp G , Power Down i to Gate t 


4, 5 






200 


400 


ns 



Note 1: Absolute Maximum Ratings are limits beyond which the life of the integrated circuit may be impaired. All voltages unless otherwise 

specified are measured with respect to ground. 

Note 2: Typicals are parametric norm at 25°C. 

Note 3: Parameter guaranteed and 100% production tested. 

Note 4: Parameter guaranteed. Parameters not 100% tested are not in outgoing quality level calculation. 

Note 5: Linearity measured as a percentage of the midpoint between 25% to 75% of full scale. 

Note 6: Timing measured at 1.4V. 




Figure 1. AGC Burst Timing 
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Figure 2. Burst Area Detect Timing 



TYPICAL PERFORMANCE CURVES 
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Figure 3. DEMOD Output Current vs. Input 
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1.0 FUNCTIONAL DESCRIPTION 

The ML4532, ML4533 and ML4536 are composed of an 
AGC amplifier, an area detector, and a band-gap 
reference with three buffered outputs. In addition the 
ML4532 (see Figure 5) includes a pulse width 
modulation D/A. The ML4536 is essentially the ML4533 
with a different set of reference voltages. 

1.1 INPUT AMPLIFIER AND AUTOMATIC GAIN CONTROL 

The inputs of the ML4532, ML4533 and ML4536 are 
intended for use at the output of the read channel 
filter, accepting a 0.25Vp_p to 2Vp_p signal range. The 
input amplifier and AGC circuit of these area detectors 
operate in a differential signal mode to provide good 
common mode and power supply rejection. The 
purpose of the AGC loop is to maintain a constant area 
detect value that correlates to the zero scale 
(1.25V REF /1.0V REF ) and full scale (3.75V RE f/3.4V ref ) output 
values based upon the minimum and maximum burst 
value. The sensing for the AGC is at the output of the 
area detector, allowing signal ranging based on the area 
of burst rather than the signal level of the burst. The 
AGC is intended to be updated at every sector of servo 
position bursts such that the signal variances due to 
platter radius and differences in read channel data 
frequencies can be corrected. The initial gain of the 
AGC circuit is established by the voltage applied to the 
REFagc input. 

In this closed-loop system, the area detected output 
voltage is fed back and compared with the REFagc 
voltage in the Gm amplifier with a Gm of 1/4000 ohms, 
to provide a gain control current, charging and 
discharging C AG g 

The AGC value is held constant by the hold function 
and is controlled by Hagc pin- When Hagc is at a '°gic 
high the level of gain can change up or down and is 
held at a constant gain with a logic low input. 

A capacitor from ground to the Cagc P' n holds the 
gain setting when Hagc is at a logic low level and the 
area detector output does not affect the gain setting in 
this mode. See figure 1 for the AGC burst timing. 

1.2 AREA DETECTOR 

The area detector provides a measurement of servo 
burst area during a time window beginning at the first 
falling zero crossing edge after the GATE input is placed 
in a logic high state and ends at the first falling zero 
crossing edge after the GATE input is placed in a logic 
low state. The Zero crossing output enables the user to 
time the gate pulse by counting zero crossings. The 
analog input should be without open baseline by either 
keeping burst pulse spacing sufficiently close to avoid it 
or band limiting the signal. In most cases, both are 
necessary. 



J] A 



\I 



IT 



a. May clock anywhere and give multiple transitions, 
not acceptable. 




b. Proper spacing. 




c. Band limiting. 

The value of the area measurement is held on the 
output hold capacitor (Ch) until the RESET line is 
asserted. The RESET pin when placed in a logic high 
state for at least 300ns resets the area detector output 
to 1.25V which is the zero scale reference point and 
equals the voltage value on the 1.25V REF pin. See 
Figure 2 for position area burst detection timing. 

ZERO X Detector Output 

The output of the zero crossing detector (comparator) 
is provided for system synchronization. This signal is 
internally generated in ECL, but an internal ECL to TTL 
converter is provided to simplify external interfacing to 
this signal. 

1.3 BANDGAP REFERENCE 

A 2.5V bandgap reference is included on the ML4532 
and ML4533 and a 2.2V one in the ML4536, to set up 
internal biasing and establish the on-track reference 
level. This is also a buffered output. Full-scale (V REF+ ) 
and zero scale (V REF _) outputs are derived and buffered 
from the bandgap to simplify the interface to A/D 
converters, such as the ML2261 or ML2264. The 1.25V REF 
pin is tied directly to the V REF _ pin of the A/D 
converter and with a 510O resistor to ground. The 
3.75V REF pin is tied directly to the V REF+ pin of the high 
speed A/D converter. The ML4536 offers a 1.0V REF and 
3.4V REF for interface with the A/D converter on the 
Zilog type microcontroller devices. 
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1.4 PWM D/A OF THE ML4532 

A D/A is included on the ML4532 for driving the VCM 
driver to position the head or for any other desired 
system error compensation, such as processor- 
controlled AGC set point during head change. This is a 
PWM D/A and requires a pulse width modulation logic 
signal from the microcontroller signal to be applied to 
the MSBpwm and LSBp WM pins. The buffered and 
filtered output appears at the (D/A OUT) pin. This 
output voltage swing is centered around the 2.5Vref pin 
(2.5V). The end-points of the D/A output are defined by: 

PWM DAC Output Description: 



Range Point 


Duty Cyde at 
MSBpwm LSBpwm 


Voltage 
Output 


"Negative" Full-Scale: 
"Positive" Full Scale: 


0% 0% 
0% 100% 
100% 0% 
100% 100% 


1.094V 
1.250V 
3.594V 
3.750V 



The D/A is designed for 8-bit binary coding with the 
MSB weighted 16 times the LSB. The MSBpwm and 
LSBp WM inputs are negative true in that if these inputs 
are in a low state for 100% of the time the D/A output 
will be 1.094 volts and if are held in a high state for 
100% of the time the output will be at 3.75 volts. The 
D/A output voltage is 1.25 volts if the MSB PWM input 
pulse width has a 1/16 or 6.25% positive duty cycle and 
the LSBpwm ' s m a constant low state or if the MSBpwm 
input is held in a low state and the LSBpwm input is 
held in a high state. The output voltage range that is 
controlled by the MSBpwm input is 2.5 volts and the 
LSBpwm input controls 156mV. The time constant for 
the PWM smoothing filter is approximately 3kO x 
CpwM- The external capacitor (Cpwm) should be made 
sufficiently large to smooth out the PWM ripple. 
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Figure 5. ML4532 Functional Block Diagram 
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Figure 6. Typical Application ML4533/ML4536 



5-238 



fij^ Micro Linear 



ML4532, ML4533, ML4536 



4/iS 

I 



5/iS 
I 



6/vs 

I 



7//s 

I 




zerox nj-un_riiTJ^JiJixLJXJi^ 

ML4532 GATE/ 



ML2261 CS ~*1 j^~. 
ML4532 RESET 
ML2261 WRitl 



20ns t > 20ns 




— *4 Wht > 275ns - tRD 

h*-ta-Hi h-t C 2-H 

— -o o 

IMRA DUMB 



Figure 7. ML4532 Application Timing with ML2261 A/D GHiverter 
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ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


ML4532CQ 
ML4532CR 


0°C to +70°C 
0°C to +70°C 


MOLDED PCC (Q20) 
MOLDED SSOP (R20) 


ML4533CS 
ML4536CS 


0°C to +70°C 
0°C to +70°C 


MOLDED SOIC (S16) 
MOLDED SOIC (S16) 
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ML4534 



Area Detector Based 
Embedded Servo Demodulator 



GENERAL DESCRIPTION 

The ML4534 Embedded Servo Demodulator IC is 
designed for use in the hybrid data surface channel of an 
high-performance disk drive. Hybrid data are interleaved 
on the data surface with data records and encoded in A/B 
differential burst format, with a AGC field preceding the 
burst information. The AGC field is used by the read 
channel to set AGC gain levels in the burst area, which 
once established are held fixed for the duration of the 
servo burst. The demodulator measures burst amplitude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A+B), to permit 
position error normalization with on-chip synchronization 
and reset functions. Using the SEL and CARR inputs the 
on-chip multiplexer allows selection of either (A-B) or 
(A+B) as the output. The multiplexer and area detection 
capacitors operate in concert to provide a hold capability 
for both the (A-B) and (A+B) outputs. Also included is an 
uncommitted operational amplifier which could be used 
for voice-coil motor current sensing. 



FEATURES 

■ Allows for Area Detection of back-to-back bursts 

■ 2% nonlinearity over input signal range 

■ Reset forces voltage on the Area Detecting capacitors 
Cadd to V REF & Cads to v REf/2 

■ Separate Reset provided for Resync Flip-Flop 

■ Muxed/Selectable (A-B) & (A+B) demodulator output 

■ General purpose operational amplifier, applicable for 
use in voice coil motor current sensing 

■ 5V supply, 20-pin, J-leaded, PLCC package 



BLOCK DIAGRAM 
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13 14 10 

ZEROX GATE RESETFF 




O SELECT 
R 



1- 



Cadd 



1< 



Cads 



ti^ Micro Linear 



5-241 



ML4534 



PIN CONNECTION 



HYBOUT £ 4 

Vref [ 5 

CHDIFF £ 6 

VCC [7 

CHSUM [ 8 



h G u 2 2 

5 u u < < 

i 5 5 S g 

r-i r-i i-i rn rn 

1 2 1 20 19 



ML4534 
20-Pin PCC 16 



„ 10 11 12 13 

u u u u u 



U GND2 
3 OPINP 
H OPINN 
U OPOUT 
3 GATE 



PIN DESCRIPTION 



PIN 
NO. 



NAME FUNCTION 



PIN 
NO. 



NAME FUNCTION 



1 VAGC 
2 



Gain Control input on the VGA 



VAGCTP Test point connected through an 

isolation resistor to the output of the 
VGA 

3 RESET Asserting this input pin resets the area 

detector (DIFF) to V REF (+2.5V) and 
the area detector (SUM) to V REF /2 

4 HYBOUT Output of the multiplexing amplifier, 

with V REF , (A-B) or (A+B) area detector 
output, depending on the state of the 
SEL & CARR pins. 

5 Vref +2. 5 V reference voltage input. 

8 CHSUM The (A+B) area detector integrating 

capacitor is connected between this 
pin and the ground. 

7 V cc +5 Volt supply 

6 CHDIFF The (A-B) area detector integrating 

capacitor is connected between this 
pin and the ground. 

9 GND Ground 

10 RESETFF Active high signal resets the resynch 

flip-flop 

11 SEL This pin in conjunction with the CARR 

pin, governs the multiplexer channel 
selection as follows : 
SEL CARR Mux Channel 

X V REF 

1 (A-B) 
1 1 (A+B) 

1 2 CARR Asserting this pin high inverts the 

carrier input of the (A-B) area detector. 
CARR should be asserted throughout 
the B burst of the A/B burst pair. While 
the CARR pin is asserted, the (A-B) 



1 2 (Cont.) area detector integrates the B burst in 

a direction opposite to that in which 
the A burst is integrated, thus realizing 
the (A-B) differencing operation. 
Carrier polarity in the (A+B) Area 
Detector is not affected by the state of 
the CARR pin. CARR pin in 
conjunction with the SEL pin, selects 
the multiplexer output. 

1 3 ZEROX This is the output of the Carrier 

Comparator. +ZEROX is a nominally 
square wave having transitions 
coinciding with zero crossings of the 
output VGA. 

1 4 GATE Asserting this line enables the (A+B) 

and (A-B) area detectors to measure 
area of the output signal of the VGA. 
This signal is re-synchronized to the 
area detector carrier internally before 
application to the area detectors. 

15 OPOUT Optional operational amplifier (short 

circuit protected) output. 

16 OPINN Optional operational amplifier 

inverting input. 

17 OPINP Optional operational amplifier non- 

inverting input. 

18 GND Ground 

19 VGAINP VGA non-inverting input. Inputs 

should be AC coupled 

20 VGAINN VGA inverting input. Inputs should be 

AC coupled 

NOTE: The value of the CHSUM capacitor should be 
roughly twice that of the CHDIFF capacitor. It is also 
advisable to include a small resistor in series with the 
capacitor on the CHSUM pin and also the CHDIFF pin, to 
improve settling time. 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (V cc ) -0.3 to + 7 VDC 

Storage Temperature (T$tg) -65 to +1 50°C 

Package Dissipation 
T A = 25°C (Board Mount) 875mW 

Package Lead Temperature: 

Soldering (10 sec) 260°C 

Vapor Phase (60 sec) 215°C 

Infrared (15 sec) 220°C 



RECOMMENDED OPERATING 
CONDITIONS 

DC Supply Voltage Range (V cc ) 5 ± 5% VDC 

Temperature Range to +70°C 

Operating Junction Temperature (Tj) +25 to +125°C 



ELECTRICAL CHARCTERISTICS 

The following specifications apply over the recommended operating conditions of Ta = to +70°C, Vcc = 4-75 to 5.25V, 
and external component values as recommended, unless otherwise stated. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


•cc 


VAGC = 4.0V, V REF = 2.5V 


20 


40 


60 


mA 


'VREF 


Vref = 2.5 V 


-50 


25 


200 


HA 


GATE, CARR, SEL, 
RESET, RESETFF 


For all signals in test program V|h 
Vil 


0.8 




2.0 


V 
V 


GATE, CARR, SEL, 
RESET, RESETFF 


For V| H = 2.4V l, H 
and V IL = 0.8V l )L 


-250 
-400 




-10 
40 


UA 
UA 


VGAINPDC(VINP) 


VGAINP, VGAINN open 


2.3 


2.5 


2.7 


V 


VGAINNDC (VI NN) 


VGAINP, VGAINN open 


2.3 


2.5 


2.7 


V 


V OH zerox 


VGAINP = 3.5, I h= -0.4mA 
VGAINN = 1.5V 


2.7 




5.0 


V 


V OL ZEROX 


VGAINN = 3.5, I l = 2.0mA 
VGAINP = 1.5V 







0.5 


V 


OPERATIONAL AMPLIFIER USED FOR MOTOR CURRENT SENSING 


Ibias Offset 


OPINN = OPINP=1.0V 


-200 




200 


nA 


V OS ■ MCS 


A v = 2.0, V| N = 


-15 




+15 


mV 


Vqh - MCS 


A v = 2.0, V| N =-1 .0, Isrc = -1 -5mA 


3.8 




5.0 


V 


Vql - MCS 


A v = 2.0, V, N =1.0, l SINK = 1.5mA 







1.0 


V 


'sink - MCS 


Openloop, OPINP = 0.0V 
OPINN = 1 .0, OPOUT = V cc 


1.5 




10 


mV 


Ibias - MCS 


OPINN = 1.0, OPINP =1.0 
(IOPINN + IOPINP)/2 


-2.0 




0.0 


uA 


Amplifier Settling Time (tsMCs) 


Rout = 604Q, C OU t = 36pF 




0.4 


1.0 


\is 


Amplifier Bandwidth 




4 


8 




MHz 


Amplifier Gain (Ay) 


Open Loop 


58 


63 




dB 


AGC 


Ay-VGAMIN 


Minimum Gain of AGC with 
400mV input 







1.1 


V/V 


A v - VGAMAX 


Maximum Gain of AGC with 
100mV input 


6.6 




20 


V/V 


VAGCBIAS 


VAGC = 1 .0 







200 


uA 
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ELECTRICAL CHARCTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNIT 



RESET CIRCUITRY 



IRESET SUM, DIFF 


RESET = V| H 


80 




400 


uA 


IOFF SUM, DIFF 


RESET = V| L 


-10 




10 


nA 


VCH SUM RESET = V, H 


1.245 


1.260 


1.275 


V 




VCH DIFF RESET = V, H 


2.490 


2.5 


2.510 


V 




1 SUM, DIFF UNBAL 


GATE = V, H , CLOCK, 1 V swing VAGC 
1 X, Measure Current with VGAINP = 
VINP + 0.2andVGAINN = 
VINN - 0.2, then do VGAINP = 
VINP-0.2andVGAINN = 
VINN + 0.2, Subtract 


-40 




40 


MA 


1 DIFF UNBALXOR 


CARR = V, H 


-40 




+40 


MA 


1 PEAK SUM 


VGAINP = VINP+ 1.0 
VAGC = 1 .0 


-540 


-400 


-265 


uA 


1 PEAK DIFF P 


VGAINP = VINP + 1.0 
VGAINN = VINN -1.0 
VAGC = 1 .0, CARR = V, L 


-540 


-400 


-265 


uA 


1 PEAK DIFF ON 


VGAINP = VINP + 1.0 
VGAINN = VINN -1.0 
VAGC = 1 .0, CARR = V, H 


265 


400 


540 


uA 


VOH SUM 


VGAINP = VINP + 1.0 
VGAINN = VINN -1.0 


3.9 




5.0 


V 


VOH DIFF 


VGAINP = VINP + 1.0 
VGAINN = VINN -1.0 
CARR = V, L 


3.9 




5.0 


V 


VOL DIFF 


VGAINP = VINP+ 1.0 
VGAINN = VINN -1.0 
CARK = V| H 


0.0 




1.0 


V 


IGATE 


GATE = V IH , CLOCK, 
VAGC 1X,V SW ing = 1-0 


-10 




10 


nA 


IRESETFF 


RESETFF = V, H 


-10 




10 


nA 
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ELECTRICAL CHARCTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


MUX AMPLIFIER 


VHYBOUT 


CARR = V| L , SEL = V, L 


2.4 




2.6 


V 


VOS MUX SUM 


CARR = SEL = V, H , 
CHSUM = 2.5 


-8 




8 


mV 


VOS MUX DIFF 


CARR = V, L/ SEL = V| H , 
CHDIFF = 2.5 


-8 




8 


mV 


IBIASSUM 


CARR = SEL = V| H/ 
CHSUM = 2.5 







300 


nA 


IBIASDIFF 


CARR = VIL, SEL = V| H , 
CHSUM = 2.5 







300 


nA 


VOHMUX 


CARR = SEL = V, H 

CHSUM = 3.95, I S rc = 1 -5mA 


3.8 




5.0 


V 


VOLMUX 


CARR = V, L/ SEL = V, H 
CHDIFF = 0.95, I S INK = 1 -5mA 







1.0 


V 


ISINKMUX 


CARR = V, L/ CHDIFF = 0.95 
SEL = V, H/ VHYBOUT = V CC 


1.5 




10 


mA 


Amplifier settling time (tsMUx) 


Rout = 604Q, C OU t = 36pF 




0.4 


1 


^s 


•leakage 






10 


nA 




Linearity 


to 1 V| NPUT/ with VAGC such 
that A v VAGC = 1 .0 


-5 ■ 




5 


%F.S 
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FUNCTIONAL DESCRIPTION 

The ML4534, +5V Embedded Servo Demodulator IC is 
designed for use in the hybrid data surface channel of an 
high-performance disk drive. Hybrid data are interleaved 
on the data surface with data records and encoded in A/B 
differential burst format, with an AGC field preceding the 
burst information. The AGC field is used by the read 
channel to set AGC gain levels in the burst area, which 
once established are held fixed for the duration of the 
servo burst. The demodulator measures burst amplitude 
using an area detection scheme, for improved noise 
immunity and provides both (A-B) and (A+B), to permit 
position error normalization. Using the SEL and CARR 
inputs, the on-chip multiplexer allows selection of either 
(A-B) or (A+B) on the output. The multiplexer and area 
detection capacitors operate in concert to provide a hold 
capability for both the (A-B) and (A+B) outputs. The area 
detectors are designed to minimize the pipeline transport 
delay while accurately quantizing the area of servo bursts 
in high speed hybrid servo systems. The major functional 
blocks of the ML4534 are briefly discussed below. 

VARIABLE GAIN AMPLIFIER 

Hybrid servo burst data from the disk read channel are 
capacitively coupled into the VGA through the differential 
input pins (VGAINP, VGAINN). VGA gain is controlled by 
the voltage on the VAGC pin, and the gain is varied in 
order to secure constant area of the output signal and 
counteract the amplitude regulating operation of the read 
channel AGC loop. 

VGABUF COMPARATOR 

The VGABUF comparator detects zero crossings of the 
composite signal delivered by the VGA. The output of this 
comparator controls the synchronous rectification of the 
composite VGA output, in the area detectors. 

The comparator output is provided at a TTL level on trie 
ZEROX pin. Control logic in the servo channel employs 
the ZEROX signal to produce an area detector enabling 
gate, which spans a fixed number of cycles of the 
composite signal. 

AREA DETECTORS (SUM AND DIFF) 

The area detectors detect A and B burst levels by area 
detection. Two area detectors are provided — one to 
measure the sum of A and B bursts (A+B), and a second 
one to measure the difference (A-B). Each area detector is 



implemented as a gated current — output synchronous 
rectifier driving an external charge accumulating 
integrating capacitor. Area detection occurs only while the 
area detector is enabled under control of the GATE pin. 
When the detector is disabled, the integrating capacitor is 
effectively floated. An on-chip binary (FF) re-synchronizes 
the gating signal to remove any phase shifts due to logic 
delays in the external gate control logic. Initial conditions 
on the integrating capacitors are established prior to an 
area detecting operation by a reset circuit controlled by 
the RESET pin. A reset operation forces the voltage on the 
area detecting capacitors to equal the 2.5 volts applied on 
the Vref pin. Determination of the burst difference (A-B) 
is accomplished under control of the CARR pin, by 
inverting the phase of the carrier input to the second area 
detector, while the burst B is being detected. The inversion 
is performed by an XOR gate. Accordingly (A-B) is bipolar 
relative to Vref/ while (A+B) is unipolar. 

MULTIPLEXER AMPLIFIER 

The multiplexer amplifier drives the HYBOUT pin and 
allows sequential interrogation of the (A-B) and (A+B) 
measurements, the results of which are stored on the 
external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to form a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the HYBOUT pin. The SEL and CARR pins 
govern multiplexer channel selection through a decoding 
network. 

Figure 1 shows a typical hybrid servo system application 
diagram for the ML4534 and also illustrates waveforms 
characteristic of a hybrid demodulator in a typical 
application 

OPERATIONAL AMPLIFIER 

USED FOR MOTOR CURRENT SENSE 

This general purpose operational amplifier is intended for 
use as a differential to single-ended convertor and level 
shift stage. It performs voice coil motor current sensing by 
monitoring the voltage developed differentially across 
current sense resistors, on the ground side of the voice 
coil power driver bridge. 
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Figure 1 . A Typical Servo System Application with the ML4534. 
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Figure 2. Illustrative Waveforms 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4534CQ 


0°C to +70°C 


20-Pin Molded PLCC (Q20) 
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ML4535 



Area Detection Based Hybrid Servo Demodulator 



GENERAL DESCRIPTION 



FEATURES 



The ML4535 is a bipolar monolithic hybrid servo circuit 
that provides area measurement demodulation of both the 
continuous servo surface ( dedicated servo ) and the 
sectored servo data ( embedded servo ) information in a 
high end disk drive. It operates on a single +5V supply 
and is intended to interface to a moderate speed, 
successive approximation ADC, with multiplexed inputs 
and sample and holds, like the ML2377 family. 

The area detectors are designed to minimize the pipeline 
transport delay while accurately quantizing the area of 
servo bursts in high speed servo systems. The data surface 
(embedded) servo demodulator section consists of Sum 
and Difference area detectors along with an AGC control 
loop. The continuous (dedicated) servo demodulator 
section consists of a variable gain amplifier, variable 
frequency oscillator and four synchronous area detectors. 

The ML4535 provides a high level of integration for 
designing the complex Hybrid Servo systems becoming 
popular in disk drives requiring very high bit and track 
densities, in excess of 3500 TPI. 



Allows for area detection of back-to-back bursts 

2% non-linearity over the input signal range 

Single +5 volt operation 

Internal 2.5V bandgap reference with reference output 

Separate AGC control loop for data surface and servo 
surface demodulator sections. 

Data surface amplitude control self contained on chip 

Data surface demodulator has muxed/selectable (A-B) 
and (A+B) outputs. 

Four synchronous area detectors onboard for 
implementing the continuous servo demodulator. 

Threshold based Sync detector 

Servo surface area detectors (1 & 2) have current 
output and can be individually selected using the 
SEL# pins. 

Available in 44-pin TQFP package 
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PIN CONNECTION 



ML4535 
44-Pin TQFP 



XL 

X44 



CT [1 

NC [2 

vcovcc c 3 

NC Q4 
VCOOUT {_ 5 
CLK1 £ 6 
SEL1 [ 7 
SEL2 £ 8 
VCC [9 
RESET £ 1( 
GATE [ 11 



TT 



o o 



t—ii— ii— ir-ir-ir-ir-ir-ir-ir-i 



43 42 41 40 39 38 37 36 35 34 



ML4535CH 
44-Pin TQFP 



! 1 



3 3 z 2 

H o 5 g 
j2 o u * 



5 c 



13 14 15 16 17 18 19 20 21 22 

uuuuuuuuuu 



33 Unc 

32 U DCRCAP 
D DSSUM 
H DSDIFF2 
3 DSDIFF1 
I] MUXOUT 

Dgnd 
Hrext 

UVREF 
3 RDDIFF 
3 RDSUM 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



PIN# NAME 



FUNCTION 



1 

44 



CT 
RT 



2 
4 
15 
43 
33 


NC 


3 


VCOVCC 


5 


VCOOUT 


6 


CLK1 


7 


SEL1 



SEL2 



Pins to connect a resistor/capacitor 
network for setting the center 
frequency of the internal VCO; R 
from RT to CT, C from CT to 
VCOVCC 

No connects. It is recommended to 
Connect these to GND 



+ 5V supply for PLL 

VCO clock output 

Clock for Area Detector 3 (AGC) 

Active high select signal for area 
detector 1 

Active high select signal for area 
detector 2 



9 VCC + 5V supply (± 5%) 

10 RESET Asserting this input pin resets the 

Area Detector (DIFF) to VREF and 
the Area Detector (SUM) to VREF/2 
(active low) 

11 GATE Asserting this pin defines the SUM 

and DIFF area detect windows, to 
measure the area under the curve of 
the VGA output. This signal is 
resynchronized internally to ZEROX 
before application to the area 
detectors. 

1 2 ZEROX This is the logic signal output of the 

carrier comparator, nominally a 
square wave having transitions 
coinciding with zero crossings of 
the VGA output. 
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PIN DESCRIPTION (Continued) 



PIN# NAME 



FUNCTION 



PIN# NAME 



FUNCTION 



13 


MUXSEL 


Asserting this pin inverts the carrier 
input of the Difference (A-B) area 


23 


RDSUM 






detector. MUXSEL should be 


24 


RDDIFF 






asserted throughout the B burst of 






the A/B burst pair, to implement 










(A-B). While this pin is asserted, the 


25 


VREF 






Difference (A-B) area detector 










integrates the B burst in a direction 


26 


REXT 






opposite to that in which A is 










integrated, thus realizing the (A-B) 










operation. Carrier polarity in the 


27 


GND 






(A+B) area detector is not affected 










by the state of the MUXEN pin. This 


28 


MUXOUT 






pin along with the MUXEN pin, 










also selects the multiplexer output. 


29 


DSDIFF1 


14 


MUXEN 


This pin in conjunction with the 










MUXSEL pin governs the 


30 


DSDIFF2 






multiplexer channel selection as 










follows: 










MUXSEL MUXEN MUXOUT 


31 


DSSUM 






X VREF 


32 


DCRCAP 






1 Difference (A-B) 










1 1 Sum (A+B) 


34 
35 


DSINP 
DSINN 


16 


VAGCREF 


AGC voltage reference 






17 


VAGCCAP 


AGC Loop Filter/Hold Capacitor 


36 


AGCOUTN 


18 


RDINN 


Differential input to VGA from Data 


37 


AGCOUTP 


19 


RDINP 


surface (embedded servo). Inputs 










must be AC coupled. 


38 


SYNCADJ 


20 


VAGCTPN 


Test points connected through 






21 


VAGCTPP 


isolation resistors to the output of 










the VGA. Max 2V p . p differential. 
Typically around fV. 


39 


SYNC 














AGC enable pin, defines area detect 


40 


CLK2 


22 


AGCEN 








window (active low signal) 


41 
42 


CLK3 
VCOIN 



The SUM area detector integrating 
capacitor is connected here. 

The DIFF area detector integrating 
capacitor is connected here. 

2.5V Bandgap reference output 

A 1 5.8k (1 %) resistor to GND sets 
the transconductance of all Area 
Detectors current outputs 

Ground pin 

Output of the multiplexer with DIFF 
or SUM output 

Area Detector #1 (A,B) or the 
Normal output 

Area Detector #2 (C,D) or the Quad 
output 

Pin for connecting the filter for the 
AGC loop (Dedicated surface) 

DC Restore capacitor 

Differential signal input from 
Continuous (dedicated) servo 
surface. Inputs must be AC coupled 

Test points connected through 
isolation resistors to differential 
output of servo surface AGC. 

External adjustment of sync 
threshold below or above the 
internal setting. 

Servo frame sync signal output 

Clock for Area Detector 4, (PLL) 

Clock for Area Detectors 1 & 2 
(POS) 

Pin for connecting the loop filter for 
the PLL or external drive 
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OPERATING CONDITIONS 

DC Supply Voltage (VCC) 5+/-5% VDC 

Temperature Range to +70°C 

Operating Junction Temperature (Tj) +25 to +125 °C 



ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (VCC) -0.3 to +7 VDC 

Package Dimension, TA = 25°C 

(board mount) TBD mW 

Package Lead Temperature 

Soldering (1 sec) 260°C 

Vapor Phase (60 sec) 215°C 

Infrared (15 sec) 220°C 

Storage Temperature (tstg) -65 to +150°C 



ELECTRICAL CHARACTERISTICS 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


DC CHARACTERISTICS 


ICC Supply Current 


VAGCCAP = 4.0V 


60 


89 


110 


mA 


Bandgap Reference voltage, VREF 




2.4 


2.52 


2.60 


V 


VIH 


ForCLK1,CLK2, CLK3 

GATE, MUXEN, 

MUXSEL, AGCEN, SEL1, SEL2 






2.0 


V 


VIL 


ForCLK1,CLK2, CLK3 

GATE, MUXEN, 

MUXSEL, AGCEN, SEL1, SEL2 


0.8 






V 


IIH 


ForCLK1,CLK2, CLK3 
GATE, MUXEN, RESET 
MUXSEL, AGCEN, SEL1, SEL2 


-40 


-0.2 


+40 


uA 


IIL 


ForCLK1,CLK2, CLK3 
GATE, MUXEN, RESET 
MUXSEL, AGCEN, SEL1, SEL2 


-400 


-2 


10 


^A 


AGC ( for dedicated servo ) 


DSINPDC, DSINNDC 


open 


2.4 


2.5 


2.6 


V 


AvAGC min 

Voltage gain from input to test point 


DSSUM = 4.0V, 
Measure DSDIFF1 
DSINP-DSINN = 0.5V 




0.2 


0.4 


VA/ 


AvAGC max 


DSSUM = 1 .0V 
DSINP-DSINN = 20mV 


75 


120 




VA^ 


DCRHIGH 

(DCR CAP VOLTAGE) 


DSSUM = 1 .0V 
DSINP-DSINN = 20mV 


3.0 


3.9 




V 


DCRLOW 

(DCR CAP VOLTAGE) 


DSSUM = 1 .0V 
DSINN-DSINP = 20mV 


2.3 


2.5 


2.7 


V 


DSOFFSET 


DSINP-DSINN = 


-1 


0.0001 


+1 


V 


AREA DETECTOR 1 and 2 


DSDIFF HI 1 


SEL1,SEL2 = VIH 


VCC - 1 .0 


VCC - 0.5 


VCC 


V 


DSDIFFL0 2 


DSINP-DSINN = 0.1 
DSSUM = 1V,CLK3=VIH 




0.2 


1.0 


V 


DSDIFF LO 1 


CLK3 = VIL 




0.2 


1.0 


V 


DSDIFF HI 2 




VCC - 1 .0 


VCC - 0.5 


VCC 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


AREA DETECTOR 1 and 2 (continued) 


DSDIFF HI R1 


DSINN-DSINP = 0.1 


VCC - 1 .0 


VCC - 0.5 


VCC 


V 


DSDIFF LO R2 


CLK3 = V| L 




0.2 


1.0 


V 


DSDIFF LO R1 


DSINN-DSINP = 0.1 




0.2 


1.0 


V 


DSDIFF HI R2 


CLK3 = V| H 


VCC - 1 .0 


VCC - 0.5 


VCC 


V 


IDSDIFFHI 
IDSDIFF LO 


DSINP-DSINN = 0.1 
DSINP-DSINN = -0.1 


-200 
100 


-133 
133 


-100 
200 


^A 


IDSDIFF1 
IDSOFF2 


SEL1 = V| L 
SEL2 = V| L 


-1 
1 


-0.005 
0.001 


1 
-1 


HA 
^lA 


AREA DETECTOR 3 


SYNC LO 


CLK1 = V| H , Iil = 1.6mA 
DSSUM = 1 .OV 
DSINN-DSINP = 0.1 




0.35 


0.5 


V 


SYNC HI 


CLK1 =V| H Jih= -0.4 mA 
DSSUM = 1 .0V 
DSINN-DSINP = 0.1 


VCC -2.1 


VCC - 0.8 


VCC 


V 


VSYNCADJ 


'SYNCADJ = 


0.1 


0.18 


0.5 


V 


I DSSUM OFF 


DSINN-DSINP = 0V 


15 


35 


70 


^A 


I DSSUM HI 


CLK1=VIH, DSSUM = 1 V 
DSINP-DSINN = 0.1 


-20 


-83 


-150 


^A 


I DSSUM LO 


DSINN-DSINP = 0.1 


100 


186 


250 


^A 


AREA DETECTOR 4, VCO 


I VCOIN HI 


CLK2= VIH, DSSUM = 1 V 
DSINP-DSINN = 0.1V 


60 


136 


200 


|iA 


I VCOIN LO 


CLK2 = VIL 


-200 


-135 


-60 


^iA 


VCO HI (V OH ) 


CT = 4.0V, VCOIN = 4.0V, 
Iqh = 0.4mA 


2.3 


2.6 




V 


VCO LO (V OL ) 


CT= 1.0V, VCOIN = 1.0V, 
Iql = 1 -6mA 




0.25 


0.5 


V 


RDINPDC, RDINNDC 


open 


2.3 


2.5 


2.7 


V 


Vqh ZEROX 


RDINP-RDINN = 2.0V 
•oh = -0-4 mA 


VCC -2.1 


VCC - 0.7 


VCC 


V 


Vql ZEROX 


RDINP-RDINN = 2.0V 
Iol = 2.0 mA 




0.36 


0.5 


V 


Vrext 


R EXT =15.9K 


2.2 


2.48 


2.8 


V 


AGC (for embedded servo) 


VAGCTP 


RDINP-RDINN = 2.0V 
VAGC = 1 .0V 


VCC - 1 .5 


VCC -2.1 


VCC -2.7 


V 


Av VGA MIN 


RDINP-RDINN = 1.0V 
VAGC = 4.0V 




0.3 


0.5 


v/v 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



MAX 



UNITS 



RESET LOGIC 



Av VGA MAX 


RDINP-RDINN = 0.4V 
VAGC = 1.0 V 


2.0 


2.7 




V/V 


VAGC BIAS 


XAGC = 1 .0 V 





40 


200 


HA 


IRESET SUM, DIFF 


RESET = V IL 


50 


100 


200 


HA 


IOFF SUM, DIFF 


RESET = V| H 


-100 




100 


nA 


VSUM 


RESET = V| L 


0.9 


1.07 


1.2 


V 


VDIFF 


RESET = V, L 


2.0 


2.13 


2.3 


V 


1 SUM, DIFF UNBAL 


GATE = VIH, CLOCK 
VAGC1X, 1 Vp-p swing 


-40 


0.4 


40 


"A 


IDIFFUNBALXOR 


MUXSEL = VIH 


-40 




40 


MA 


1 PEAK SUM 


RDINP-RDINN = 1.0V 
MUXSEL = VIH 


-500 


-377 


-250 


uA 


1 PEAK DIFF P 


RDINP-RDINN = 1.0V 
MUXSEL = VIH, 
VAGC = 1V 


-500 


-377 


-250 


uA 


1 PEAK DIFF XOR 


RDINP-RDINN = 1.0V 
MUXEN = VIH, VAGC = 1 .0V 


250 


377 


500 


HA 


VOHSUM, VOHDIFF 


RDINP-RDINN = 1.0V 


VCC - 1 .0 


VCC - 0.5 


VCC 


V 


VOL DIFF, VOLSUM 


RDINP-RDINN = 1.0V 
MUXSEL = VIH 





0.2 


1.0 


V 


IGATE 


GATE = VIH, CLOCK 1X 


-100 





100 


nA 



MUXAMPLIFIER 



VOS MUXSUM 


MUXSEL = MUXEN = VIL 





5 


16 


V 


VOS MUXDIFF 


MUXSEL = VIH, 
VDIFF = 2.5V, 





5 


16 


V 


IBIASSUM DIFF 


MUXEN = VIL 
SUM = DIFF = 2.5V 





200 


300 


nA 


VOHMUX 


SUM = 3.9 V 


VCC - 1 .0 


VCC -0.9 


VCC - 0.5 


V 


VOLMUX 


DIFF = 0.95 





0.9 


1.0 


V 


INSINGMUX 


VMUXOUT = VXX 


1.5 


1.86 


2.5 


mA 


Amplifier settling time - tsmux 


Rout = 604 ohms, Cout = 36 pF 




0.4 


1 


usee 


I leakage 








10 


nA 


Linearity 


to 1V input with VAGC 
such that AvVAGC = 1 .0V 


-5 




5 


%F.S 
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FUNCTIONAL DESCRIPTION 

The ML4535 provides area measurement demodulation of 
both the continuous (dedicated) servo surface and the 
sectored (embedded) servo data on each of the data 
surfaces of a "hybrid" servo disk drive. It operates on a 
single +5V supply and is intended to interface to a 
moderate speed, successive approximation ADC with 
multiplexed inputs and sample and holds, like the 
ML23 77. In a conventional peak detection based servo 
scheme, the attack rate of the peak detectors are 
inherently faster than the decay, high crest factor noise 
sensitivity is high and rectification must have a very low 
offset for it to be functionally correct. On the other hand 
area detection has much better noise rejection and is 
more tolerant of small AGC rectifier offsets. However it 
requires that the measurement period be an integer 
number of signal cycles. Hence when the timing 
requirements are satisfied, area detection is certainly more 
accurate than peak detection schemes. 

DATA SURFACE OR 

EMBEDDED SERVO DEMODULATOR SECTION 

The data surface (embedded) servo demodulator section 
of the ML4535 consists of a standalone AGC control loop 
so that the amplitude control function is self contained on 
the chip and two area detectors providing the sum (A+B) 
and difference (A-B) which are output through a mux 
amplifier. 

Input Amplifier and AGC 

The input amplifier and AGC circuit operate with 
differential inputs in the range of 0.25 Vp-p to 2Vp-p, 
from the read channel filter's lowpass outputs. The input 
impedance of the RDIN inputs is approximately 23kQ. 
The purpose of the AGC loop is to maintain a constant 
area detect value that correlates to the zero scale and full 
scale output values based upon the minimum and 
maximum burst value. The sensing for the AGC is at the 
output of the SUM area detector, allowing signal ranging 
based on the area of the burst rather than the peak level of 
the burst. The AGC is intended to be updated at every 
sector of servo position bursts such that the signal 
variances due to the disk radius and differences in the 
read channel data frequencies can be corrected. In this 
closed-loop system, the area detected output voltage is 
compared with the VAGCREF voltage and fed back to 
provide a gain control current for charging and 
discharging the VAGCCAP. The VAGCREF voltage should 
be set to 80% of the full scale value of the RDSUM 
voltage output. The gain is varied to secure constant area 
of the output signal and provide amplitude control. The 
AGC gain value is held constant when the AGCEN is at 
logic low. When it is logic high, the level of gain can 
change up or down. The capacitor from VAGCCAP to 
ground holds the gain setting when AGCEN is at logic low 
and the area detector output does not affect the gain 
setting in this mode. 



Zero X Detector 

The output of the zero crossing detector (comparator) is 
provided for system synchronization. It detects zero 
crossings of the composite signal delivered by the Variable 
Gain Amplifier, VGA. The output of this comparator 
controls the synchronous rectification of the composite 
VGA output, in the area detectors. This signal is internally 
generated in ECL, but an internal ECL to TTL converter 
presents this output as a TTL level on the ZEROX pin. 
Control logic in the servo channel employs the ZEROX 
signal to produce an area detector enabling gate, which 
spans an integer number of cycles of the composite signal, 
thus helping to generate accurate timing. If one of the 
burst signal is very small then the ZEROX signal will not 
be generated correctly and the Area Detectors (SUM & 
DIFF) would stay ON. Hence a single radial (always full 
amplitude) pulse should be located at the beginning and 
end of each burst. This also minimizes track pairing. 

Area Detectors (Sum & Difference) 

The area detectors detect the A and B burst levels by area 
detection. Two area detectors — one to measure the sum 
of the A and B bursts (A+B), and a second one to measure 
the difference (A-B). Each area detector is implemented as 
a gated current — output synchronous rectifier, driving an 
external charge accumulating integrating capacitor. Area 
detection occurs only while the area detector is enabled 
under the control of the GATE pin. The GATE signal turns 
the SUM & DIFF Area Detectors ON and OFF. Internally it 
generates a synchronous signal clocked by the AGC 
output. When GATE is asserted high, the next rising edge 
of RDINP will turn ON the Area Detectors. When GATE is 
asserted low, the next rising edge of RDINP will shut OFF 
the Area Detectors. Thus GATE edges should occur near 
the falling edges of ZEROX. One point to note is that if the 
Area Detector is ON and there is no AGC signal then the 
internal synchronous signal will not change state even if 
the GATE signal is driven inactive low and the Area 
Detector continues to remain ON. When the detector is 
disabled, the integrating capacitor is effectively floated. 
The on-chip D Flip-Flop resynchronizes the gating signal 
to remove any timing error due to logic delays in the 
external gate control logic. It is important that the Area 
Detectors are shut off when not integrating a desired field, 
even if there is no AGC signal as the Area Detector offset 
currents will modify the Area Detector output voltage. 
Initial conditions on the integrating capacitors are 
established prior to an a rea det ecting operation by a reset 
circuit controlled by the RESET pin. The minimum RESET 
pulse width will depend on the external capacitor used at 
RDSUM and RDDIFF pins. The pulse w idth is given by: 
t/vilN = [(CpF x 3V)/80uA] jisecs. RESET is normally held 
asserted from just after read out until just before the next 
sample measurement time. A reset operation forces the 
voltage on the DIFF area detecting capacitor to equal the 
voltage applied on the VREF pin and the voltage on the 
sum a rea det ecting capacitor to equal VREF/2. In actuality 
when RESET is low the voltage observed on the RDDIFF 
pin will be in the range of 2V to 2.5V and the voltage 
observed on the RDSUM pin will be in the range of 1 V to 
1 .2V. This is due to internal design constraints. 
Determination of the burst difference (A-B) or (-A+B) on 
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alternating tracks, is accomplished under control of the 
MUXEN pin, by inverting the phase of the carrier input to 
the DIFF area detector, while one burst is being detected. 
The inversion is performed by an XOR gate. Accordingly 
(A-B) is bipolar relative to VREF, while (A+B) is unipolar. 

Multiplexer Amplifier 

The multiplexed amplifier drives the MUXOUT pin and 
allows sequential interrogation of the (A-B) DIFF and 
(A+B) SUM measurements, the results of which are stored 
on the external integrating capacitors. The amplifier is 
implemented as two independently selectable input 
stages, driving a common output structure, to form a 
voltage follower. To minimize the droop of the (A-B) and 
the (A+B) measurements, both input stages are biased off 
during periods when neither measurement is required to 
be routed to the MUXOUT pin. The MUXSEL and MUXEN 
pins govern multiplexer channel selection through a 
decoding network. 

CONTINUOUS OR DEDICATED 
SERVO DEMODULATOR SECTION 

The continuous (dedicated) servo demodulator section of 
the ML4535 consists of its own variable gain amplifier and 
AGC loop, a variable frequency oscillator and four 
synchronous detectors. The DSIN input is usually of the 
order of 20mV-400mV differential peak to peak and the 
Rin is approximately 4kohms. 

The first synchronous detector (AREA DETECTOR #4) is 
used as a multiplying phase detector to control the 
variable frequency oscillator and complete the analog 
portion of the phase locked loop that recovers the clock. A 
standard PLL loop filter is connected on the VCOIN pin or 
an external signal could be used to drive this line. The RT 
and CT components are used to set the VCO frequency 
range. Figure 1 shows the graphical representation of the 
VCOOUT frequency vs VCOIN voltage for a fixed value 
of RT and CT. It is recommended that CT should be kept 




Figure 1. ML4535 VCO Characteristics 



as large as possible, say around 50pF, otherwise parasitics 
could begin to dominate. Also it is recommended that CT 
should connect to the VCOVCC right at the pin and the 
VCOVCC should be well decoupled at that point. Stability 
could be further improved by placing another resistor to 
ground from the RT pin, allowing smaller RT and hence 
allowing the increase in CT. Recommended range for RT is 
200 ohms to 2k ohms. Recommended VCO frequency 
range is 1 to 30 MHz with the VCO frequency being set 
at two or four times the servo pattern fundamental 
frequency. Atypical loop filter circuit at VCOIN is shown 
at the frontend of figure 3. The gain of the VCO is 
approximately 1 0% of the center frequency per volt 
(MHz/volt). The VCOOUT has a Vqh of 2.2V to 2.4V and 
a Vql of 0.5V which improves symmetry around the 1 .4V 
threshold for the VCO (TTL compatible levels). The duty 
cycle is symmetrical with large enough swings on the RT 
and CT associated with the VCO. 

The second synchronous detector (AREA DETECTOR #3) 
is used for measuring the area of the composite signal, to 
determine its amplitude for comparison with the reference 
of the AGC loop. The AGC loop consists of the Area 
Detector 3, external filter capacitor on DSSUM, REXT 
resistor and internal voltage set reference current on 
DSSUM and the gain vs. control voltage characteristic of 
the VGA amplifier. The reference baseline voltage for the 
AGC output voltage is 2.5V. Area Detector 3 generates a 
current and when the integral of that current equals a DC 
current (approx 62pA) set by REXT, the AGC loop is 
stabilized. The differential output of the servo surface AGC 
is made available on the AGCOUTP and AGCOUTN pins. 
An amplitude level comparator is also included on this 
detector's output to provide the logic level output for 
Frame sync and Index data. The SYNC detector circuit is 
threshold based. The threshold level is set internally to 
25% of full scale, however this level can be adjusted 
through the external SYNCADJ pin. Connecting a resistor 
from the SYNCADJ pin to ground increases the threshold 
level above 25%, while a resistor to VCC will decrease 
the threshold level below 25% of full scale. There is a 
±20% potential of error on the amount by which the 
threshold is changed from the internal level using the 
SYNCADJ pin. 

The third and fourth synchronous detectors (AREA 
DETECTORS #1 & #2) are used to demodulate the normal 
and quadrature position signals. The Area Detectors 1 & 2 
are turned ON by asserting SEL1 and SEL2 lines active 
high. A logic low on these lines turns them OFF. The 
normal and quadrature outputs are currents that should 
be terminated off chip with nominal 1 9K resistors to VREF 
or 0.9 VREF. The center value of the nominal output 
voltage range of DSDIFF1 and DSDIFF2 (the output of 
Area Detectors 1 & 2) is 2.5V with a range of ±1 .5V. The 
external resistors may be terminated to 2.3V to give 
maximum swing over supplies (since minimum V^c is 
4.5V, hence VCC/2 would be approximately 2.3V). Ripple 
frequency to slew rate relationship can be improved by 
adding switches in series with the terminating resistors 
gated by SEL# in the outputs, although this is usually not 
required. 
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The DC requirements of the filter can be reduced by using 
the configuration where the active filter amplifier does not 
contribute to the DC offset, for a unity gain configuration. 
The position detector gain is approximately 1 .19. The 
emitter resistor in the AGC detector is around 1 6K, giving 
an I = 62.5uA. This implies that the average voltage out is 
approximately 1 V, which implies that the output ON 
position with a duty cycle of 3/8 equals (0.375 x 1 .19) = 
0.466V base to peak based on the resistor ratio of 1 9K to 
1 5.8K. Making this equal to the half span of the ADC by 
having a gain in the filter should not have a detrimental 
effect on the system accuracy because selecting the 
demodulator clock phase (based on track type) to result in 
the same polarity of the Position Error Signal (PES) slope 
and by using the same detector output section for track 
following results in the cancellation of offsets, with a 
minimum penalty in the reduction of the PES dynamic 
range. 

Component Selection 

The following section outlines the different equations for 
determining some of the component values associated 
with the ML4535 design. 

VAGCCAP C = {(DC)/(2Kohms x BW)} 



where 



RDSUM 
Capacitor 
where 



RDDIFF 
Capacitor 
where 



DCRCAP 
where 

DSSUM 
where 



DC = Duty cycle of the AGCEN signal 
(approx 1/10) 

BW = AGC loop bandwidth = 2 x n x f 
(approx 500Hz) 

Csum = {(560uA) x (T SA mple)/(2.8 x M)} 

M = portion of the full scale voltage to be 
used in nominal condition (suggested value 
= 0.8) 
Tsample = width of the GATE pulse 

C DIFF = {560mA) x (T S ample)/0 .4 x M)} 

M = portion of the full scale voltage to be 
used in nominal condition (suggested value 
= 0.8) 
Tsample = width of the GATE pulse 

C = 1(0.04 x 20)/(16Kohms x BW)} 

BW is the AGC restore loop bandwidth = 2 
x 71 x f (range 5 to 1 0kHz) 

C = (16/(BWx8Kohm)) 

BW is the bandwidth = 2 x n x f = (range 1 
to 50kHz) 



EXAMPLE SYSTEM DESCRIPTION 

An example continuous servo composite servo encoding 
and the associated demodulator clock waveforms are 
shown in figure 2. The VCO operates at twice the 
frequency of the fundamental of the composite signal and 
drives two flip flops that generate quadrature and normal 
phase references. The Clock generation logic circuit and 
synchronizing circuit for the PLL, to acquire initial lock 
with type 2 loop, are shown in figure 3. A block diagram 
of the PLL is shown below with the transfer function based 
on the loop filter components (refer figure 3). 



4>w 



1 x 


1+SRC1 


VCOIN 


27tGv 


S(C1+C2) 


SRC1C2 | 

(C1+C2) 









1 
4 


(0 






s 



G v = VCO GAIN MH?/V 

The value of the constant K is given by: 

j. 62 phase compared cycles in the servo frame 
7i total cycles in the servo frame 

A type 2 loop has two poles at the origin of the S-plane or 
two time domain integrations — one in the frequency to 
phase conversion and one in the loop filter. In figure 3, the 
DC level at the non-inverting input of the left comparator 
should be approximately (0.1 V<x plus one diode drop). 
The current supplied by the output resistors and series 
diodes should be approximately 62U.A/4. Time constant is 
approximately 2 x (1/PL.L BW) and the pullup resistors to 
V<x are approximately 1 Kohm or much less than the 
value of the other resistors so as to make the output up 
level approximately equal to Vcc during operation. A state 
counter divides the servo frame into eight intervals which 
are: 

NAME LENGTH (IN CLOCK CYCLES) 

S 2 

X 1 ,X 2 , X 3 1 

A, B, C, D n where n is an integer like 7 or 8 

Note that all peaks of the composite signal are on Quad 
clock phase boundaries, so it contains only one 
fundamental frequency, which is easily acquired by the 
phase locked loop. The sync character is 1 80° out of 
phase with all others; thus at phase alignment it causes no 
disturbances to the phase comparator but gives an easily 
recognizable reverse polarity ripple in the AGC which is 
detected with a level detector to provide a frame sync 
logic signal to initialize the state counter. 

The inphase clock is used throughout A, B, C, D but 
inverted 1 80° as required by the track type to give A-B, 
C-D, B-A, D-C without additional analog switching in 
position 1 demodulator for track following. 
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CASE 2 
CASE 3 





wA/v* 




' VCO CLOCK OUTPUT (VCOOUT) ' 



I I I I I I I I I AGC (IN PHASE) CLOCK (DSSUM) I I I I I I I I I I I I I I I I 



SEL1 (CASES 1 & 3) 
SEL2 (CASES 2 & 4) 



SEL2 (CASES 1 & 3) I I 
SEL1 (CASES 2 & 4) ' | 



PHASE COMPARE (QUAD) CLOCK , 

I I I I I 



I I I I I I 



I I I I I I 






POSITION A 
POSITION B 



I I I i I I 



I I I I I I I 
FRAME SYNC OUTPUT 



B, D-C 
- A, D - C 



m_ 



Figure 2. Continuous Servo Encoding and Demodulator Clock Waveforms 



Filters are needed on each of the four demodulators for 
removing the carrier ripple and providing frequency 
compensation for the gain control and phase locked loop 
systems. The current output scaling of all four detectors to 
the AGC output are the same and set by on-chip resistors. 
The AGC setpoint is a current set by REXT and VREF. Thus 
a capacitor to ground provides an integrating response for 
the AGC control loop, as well as ripple filtering. For the 
phase comparator filter, two capacitors and a resistor 
provide D.C. integration plus a lead-lag for the PLL 
control loop compensation. For the position outputs, 
external 19K nominal resistors to (0.9 x Vref) should be 
provided and a capacitor to ground is added to form a low 
pass ripple filter. 

The phase compare detector forms phase only (not phase 
frequency) characteristic, so the loop will not acquire 



initial lock with an integrating loop filter, which is needed 
to assure no steady state phase error. Transfer function for 
the gain of the phase comparator (assuming a sinusoidal 
servo signal) is given by: 



;rrad 



(time of X1, X2, X3) + (time of A, B, C, D) 



2 x (time of one frame) 



The synchronizing circuit suggested (refer figure 2), senses 
when the VCO control voltage is near either rail and 
applies a pulse that ramps it toward the other rail and thus 
through the operational frequency where it locks. The 
lock range is much greater than the acquire range, so it 
retains lock in the presence of the resistor-coupled pulse, 
with a small phase error, until the pulse goes away and the 
phase error becomes zero. 
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It is generally recommended that the servo head magnetic 
width be equal to two track pitches for best results. In this 
case for an on-track position one of the four burst patterns 
becomes almost zero. There is no loss of information on 
phase when this happens, since then its complement is 
twice as large so that the sum of the two is constantly 
independent of position and thus the amount of phase 
information per frame is also constantly independent 
of position. 

HYBRID SERVO VERSUS ONLY EMBEDDED SERVO 

There are a number of merits in using a hybrid servo 
scheme consisting of a servo surface plus limited data 
head servo samples over the completely embedded or 
data head sector servo samples scheme. These are 
summarized below: 

Cost: Lost data surface capacity is less than 1 % for a servo 
surface plus samples compared to 8% for samples only. 
This suggests that with six or more disks, the servo surface 
has an advantage. Without a servo surface, it is difficult to 
generate accurately phase and track center aligned data 
head (embedded) servo sectors in the drive, requiring 
them to be done with extra time on an expensive servo 
writer and moving the cost crossover point nearer to four 
disks. Drive hardware and costs including assembly and 
test favour DSP implementations in either case. 



Effect on position error sources: These can be very similar 
for both configurations with optimized control 
algorithims. The servo surface does have some advantages 
in being able to obtain higher bandwidths and thus faster 
settling time and greater reduction of non-repetitive run- 
out and random disturbances. 

Effect on access time: A system with a servo surface has 
two advantages here. The ability to adjust the control 
signal at shorter time intervals and a higher small signal 
bandwidth, both of which reduce settling time. Move 
times can be equivalent. 

Data integrity: Here there is a clear superiority for a servo 
surface system in preventing writes which destroy existing 
data. There are at least two ways in which this can 
happen. Electronic noise in the sector timing causes servo 
sectors to be over written, so that the head can no longer 
be positioned to read the track even if the data is intact. 
This probability can be made acceptably small by 
redundancy in the electronics. External mechanical shock 
while writing a data sector can not only cause improper 
writes of the new data but also overwrite adjacent tracks. 
Inherently there is no way to prevent this with servo 
sectors only, as there is no position data measurement 
available and estimators do no good for random fast 
disturbances. Dynamically balanced rotary actuators 
reduce this exposure compared to linear travel positioners 
but cannot eliminate it completely. 



CLOCK GENERATION LOGIC (Implemented in Gate Array) 



vco 

(VCOOUT) 



(L) — 



QUAD 



STATE COUNTER WITH 
SYNCHRONOUS PRESET 



crt 



DECODE 

AND 
SELECT 



INDEX 
DECODE 



-► AGC CLOCK 

-► PHASE COMPARE CLOCK 



-► POSITION COMPARE CLOCK 
-► POSITION SELECT 



SYNCHRONIZING CIRCUIT FOR THE PLL (To acquire initial lock with type 2 loop) 



VCOIN 
O — 



^> 



Tt 

T 

(PLL FILTER) (TLC 393 OR SIMILAR LOW BIAS GROUND SENSING DUAL COMPARATOR) 

Figure 3. Support Circuitry for the ML4535 Based "Hybrid" Servo Subsystem 
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SERVO DESIGN SUGGESTIONS FOR A HIGH TRACK 
DENSITY DISK DRIVE 

The best design choices for a high track density disk drive 
with four or more platters are outlined below and the 
hybrid servo subsystem based on the ML4535 & ML2377, 
provides the most optimum solution for implementing 
these design choices and making track densities greater 
than 3500 TPI achievable. 

1) Continuous servo surface with quadrature signals plus 
some position samples and/or calibration tracks for each 
data head. 



2) DSP implementation of the position control system for 
best performance of state estimators and adaptive 
parameter adjustment. 

3) Area integration position demodulation on both the 
servo (dedicated) surface and data head position 
(embedded) servo samples, for best accuracy and noise 
rejection. 

4) Thin film heads with gap edges aligned and 
perpendicular to the disk surface. 

5) Dynamically balanced rotary actuator for best rejection 
of external mechanical shock. 



ML4535 BASED SYSTEM APPLICATION DIAGRAM 



ML4535 



ML2375 



PLL 

SYNCHRONIZING 

CIRCUIT 

(FIG 3) 



FROM ° 1 I 

SERVO 0.01 uF 

SURFACE I I I 

(DEDICATED) ° II 




SECTOR 

SERVO 

(EMBEDDED) 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4535CH 


0°C to +70°C 


44-Pin TQFP (H44) 
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May 1992 
PRELIMINARY 

ML4568 



Disk Pulse Detector + 
Embedded Servo Detector 



GENERAL DESCRIPTION 

The ML4568 is a hard disk pulse detector with two 
gated peak detectors to demodulate embedded servo 
information. The pulse detector section includes a 
wide bandwidth differential amplifier with automatic 
gain control (AGC), a precision full wave rectifier, time 
channel and gate channel. The embedded servo peak 
detector section includes a full-wave rectifier, two 
gated peak detectors, buffered peak detector outputs, 
and a difference output. A 2.25V bandgap reference is 
also included on-chip. 

The ML4568 is a 5V-only upgrade for 8468-type 
devices. Upgraded features include increased data rate 
operation (to 24 MB/s with RLL(1, 7) coding), improve 
pulse pairing (1ns), and reduced power consumption 
(400mW typical) resulting from 5V-only operation. 

The ML4568 pulse detector section detects amplitude 
peaks, producing a TTL-compatible output which 
accurately indicates the time position of signal peaks. 
In hard disk applications, these signal peaks represent 
flux reversals in the magnetic medium. 



FEATURES 

■ 5V-only operation 

■ Low power consumption (400mW typical) 

■ Supports 24 MB/s RLL(1, 7) coding 

■ Less than ±1 ns Pulse Pairing 

■ Wide input signal amplitude range (10mVpp to 
100mVpp) 

■ On-chip differential gain controlled amplifier, 
differentiator, comparator gating circuitry, and 
output pulse generator 

■ Adjustable comparator hysteresis 

■ Dynamic hysteresis tracks signal amplitude 

■ AGC and differentiator time constants set by 
external components 

■ TTL compatible digital inputs and outputs 

■ Built in embedded servo detector 

■ On chip buffers provide low impedance servo 
output voltages 

■ User adjustable servo time constants 



BLOCK DIAGRAM 
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GENERAL DESCRIPTION 



(Continued) 



The ML4568 also incorporates two gated detectors 
which detect embedded servo information, used for 
head positioning. The ML4568 provides two buffered 
low impedance voltage outputs which represent the 
peak detected level of each servo burst. The ML4568 
also provides a buffered output that represents the 
voltage difference between the two servo channels, 
centered about Vref- 



PIN CONFIGURATION 



PLCC-28 

-AMP 
CD- +CH IN OUT 
| +AMP I 
-CH IN 1 CD+ 1 OUT 1 AGND 



AGCSET [_ 5 
6 

7 



il +AMP | 
CD+ | OUT 1 A( 
nn r~i rn \ 



AGCIN+ [ 
AGCIN- [ 
R/W [ 8 
Vcc[ 9 
SET PW [ 10 

dout r " 1 - 

L 12 13 14 15 16 17 18 

J LJ L- I LJ I— I l_J 

► A CAGCI BUFA k 



1 28 27 2 2 6 5 ]DAOUT 
24 ] LEVEL 
23 ] HYS. 
22 ] DISCH. 
21 ] VrefOUT 
20 ] GATE2 



RD 
DGND 



BUFB GATE1 



PIN DESCRIPTION 



PIN tt 



NAME 



FUNCTION 



PIN tt 



NAME 



FUNCTION 



Power Supply 


9 


Vcc 


21 


Vref out 


26 


ANALOG 




GROUND 


13 


DIGITAL 




GROUND 


Analog Signals 


6 


AMP IN+ 


7 


AMP IN- 


28 


AMP OUT+ 


27 


AMP OUT- 


4 


-CH IN 


1 


+CH IN 



2 
3 

23 



CD+ 
CD- 

HYS. 



+5V ± 10% supply. 

Internal 2.25 V reference voltage 
output. 

Analog signals should be 
referenced to this pin. 

Digital signals should be 
referenced to this pin. 

These are the differential inputs 
to the Amplifier. The output of 
the read/write head amplifier 
should be capacitively coupled 
to these pins. 

These are the differential outputs 
of the Amplifier. These outputs 
should be capacitively coupled to 
the channel filter. 

These are the differential inputs 
to the time, gating and servo 
channels. These inputs must be 
capacitively coupled to the 
channel filter at the amp. outputs. 
The maximum differential 
peak-to-peak swing at this input 
is 1.5 V P _p. 

The external differentiator 
network is connected between 
these two pins. 

The DC voltage on this pin sets 
the amount of hysteresis on the 
differential comparator. 



Analog Signals (Continued) 

24 LEVEL This is a Peak Detector Output 

signal that is used in conjunction 
with the set hysteresis pin 23 to 
provide a dynamic hysteresis 
function. 

5 AGCSET The AGC circuit adjusts the gain 

of the gain controlled amplifier 
to make the differential peak to 
peak voltage at the Channel 
inputs equal to four times the 
DC voltage on this pin. 

Vagcset = 1 /2Vqc + 1/W pp where 
Vpp is the peak-peak differential 
voltage on the channel input. 

14 CAGC The external capacitor for the 

AGC is connected between this 
pin and Analog Ground. 

18 PKA The peak detected servo signal 

19 PKB voltage appears across the RC 

networks connected from these 
pins to analog ground. 

16 BUFA These low impedance pins, 

15 BUFB output the DC level at pins 18 

and 19 respectively, level shifted 
down by two diode drops. 

25 DA OUT This low impedance pin outputs 

the difference in voltage between 
pins 16 and 15 about a zero level 
set by the voltage on pin 21. 
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PIN DESCRIPTION (Continued) 



PIN # 



NAME 



FUNCTION 



Digital Signals 

10 SET PW 



R/W 



11 



12 



DOUT 



RD 



An external capacitor to control 
the pulse width of the Encoded 
Data Out (RD) is connected 
between this pin and Digital 
Ground. See Figure 1. 

If this pin is low, the Pulse 
Detector is in the read mode 
and the chip is active. When this 
pin goes high, the pulse detector 
is forced into a stand-by mode. 
This is a standard TTL input. 

This is the buffered, open 
collector, output of the differential 
comparator with hysteresis. 

This is the standard TTL output 
whose leading edge indicates the 
time position of the peaks. 



PIN tt 



NAME 



FUNCTION 



Digital Signals (Continued) 

17 GATE 1 These inputs accept TTL levels. 

20 GATE 2 When a low level is present the 

embedded servo signal is allowed 
to charge the RC network at pins 
18 and 19 respectively. A high 
level will force a hold condition 
of the DC voltage across the RC 
network and will also disable the 
servo channel. 

22 DISCH. This input accepts a TTL level. 

A high level connects a 1.5K 
internal resistor to ground on 
pins 18 and 19. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

Pin 9 14V 

TTL Input Voltage 

Pins 8, 17, 20, 22 5.5V 

TTL Output Voltage 

Pins 12, 11 5.5V 

Input Voltage 

Pins23,5 5.5V 

Minimum Input Voltage 

Pins23,5 -0.5V 

Differential Input Voltage 

Pins 6-7, 4-1 3V or -3V 

ESD susceptibility rating is to be determined 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) 300°C 

Maximum Power Dissipation at 25°C: 

PLCC Package (derate TBD mW/°C above 25°C) . . . 500mW 



OPERATING CONDITIONS 

V cc 4.5V to 5.5V 

Ambient Temperature, T A 0°C to +70°C 
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ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions. 

Set Hysteresis = OV, V PIN 17 = 2V, READ/WRITE - 0.4V, V PIN 21 = 0.4V, unless otherwise noted. 



Symbol 


Pins 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


Amplifier 


Z INAI 


6, 7 


Amp In Impedance (Note 1) 


T A = 25°C 


1.8 


2.4 


3.0 


KO 


A VMIN 


28, 27 


Minimum Voltage Gain Differential 


AC Output 3 V PP 




6 


15 


v/v 


A VMAX 


28,27 


Maximum Voltage Gain Differential 


AC Output 3 V PP 


250 


300 




v/v 


Channel 


Z INCI 


4, 1 


Channel Input Impedance 


T A = 25°C (Note 1) 




2.5 




KO 


'CAGC- 


14 


Pin 14 Current which Charges C A cc 


V PIN 14 = 2.2V 


5.0 


5.8 




mA 


'CAGC"*" 


14 


Pin 14 Current which Discharges C A gc 


V PIN 14 = 2.2V 




0.5 


2 


M 


•agcset 


5 


AGCSET Input Bias Current 






8 


100 


M 


IlL 


23 


Set Hysteresis Input Bias Current 


VpiN 23 * 






-20 


M 


'CD 


2,3 


Current into Pin 2 and 3 that 
Discharges C D 




0.8 


1.0 




mA 


HYS 


23 


Peak Hys. vs V HY s 


VpiN 23 = IV 


0.25 


0.4 


0.55 


v PK / 

V D c 


Write Mode 


Z|NAI 


6, 7 


Amp In Impedance in Write Mode 


V PIN 8 - 2.0V 




350 


450 


O 


•agc- 


14 


Pin 14 Current in Write Mode 


V PIN8 = 2.0V, V PIN14 = 2.2V 




0.2 


1.0 


M 


Digital Pins 


V, H 


8, V, 
20, 22 


High Level Input Voltage 




2 






V 


V, L 


8, V, 
20, 22 


Low Level Input Voltage 








0.8 


V 


I.H 


8, V, 
20, 22 


High Level Input Current 


V 5V = Max, V, = 2.7V 






20 


A/A 


IlL 


8, 17, 
20, 22 


Low Level Input Current 


V 5V - Max, V, = 0.5V 




140 


200 


M 


VqH 


12 


High Level Output Voltage 


V 5V = Min, Iqh - -400//A (Note 2) 


2.4 






V 


V OL12 


12 


Low Level Output Voltage 


V 5V = Min, Iql - 800//A (Note 2) 






0.5 


V 


Ilh 


11 


High Level Output Leakage Current 


VpiN 11 = V<x Measure Current into 
Pin 11 






50 


HA 


VoL11 


11 


Low Level Output Voltage 


lpi N n - 800 //A 






0.5 


V 


Servo Channel 


Z DIS 


18, 19 


Discharge Impedance 


VpiN 22 = 2V (discharge) 
Force 2.5V on Pins 18 or 19 


0.5 


1.8 


2.5 


KO 


V BOQ 


15, 16 


Buffer Quiescent Output Level 


V P |N17,20,22 = 0.4V, V C | = 0V 

Pull 0mA from Pins 15 and 16 


1.0 


1.6 


2.0 


V 


V LEVEL Q 


24 


Level Quiescent Output Level 


V C | - ov 

Pull 200//A from Pin 24 




0.2 


0.5 


V 


II 


18, 19 


Gated Off Leakage Current 


VpiN 22 = °-4V, Vp| N 20 " V PIN 17 - 2V 
Force 3V on Pin 18 or Pin 19 


-1 




1 


M 
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ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions. 

Set Hysteresis = OV, V P | N 17 = 2V, READ/WRITE = 0.4V, V P | N 2 2 = 0.4V, unless otherwise noted. 



Symbol 



Pins 



Parameter 



Conditions 



Min 



lyp 



Max 



Units 



Servo Channel (Continued) 



V OSBO 


16, 15 


Buffer Output Offset Voltage 

for V C | - 1Vp K _ PK 


Vpin v, 20, 22 = 0.4V, Vp| N •, - 2.75V 
Pull 0mA from Pins 15 and 16 

V PIN 4 - 2.25V, 

V OSBO = V PIN 16 ~ V PIN 15 




2 


±15 


mV 


V OSY5 


25, 21 


System Output Offset Voltage 
for V c , - 0.75Vp K _p K 
Pull 0mA from Pin 25 

V OSYS = V PIN 25 ~ V PIN 21 


V PIN 17, 20, 22 = 0.4 

V PIN -, = 2.688V, Vp| N 4 = 2.313V 




±5 


±20 


mV 


A V DA dV) 


25, 21 


Difference Amplifier Gain, 
1V Differential Input 


V PIN 17, 20 = 2V 

V PIN 19 = 1.5V, V PIN 18 = 2.5V, 
Vpin 22 = 0.4V 


1.6 


2 


2.4 


v/v 


Avda (-5V) 


25, 21 


Difference Amplifier Gain, 
0.5V Differential Input 


V PIN 17, 20 = 2V 

V PlN 19 = 1.75V, V PIN 18 - 2.25V, 
Vpin 22 - 0.4V 


1.6 


2 


2.4 


v/v 


GL DA 


25 


Difference Amplifier Gain Linearity 






0.2 


2.5 


% 


Z LEVEL 

SOURCE 


24 


Level Out Output Impedance 


VPIN17,20,22 = 0.4V,V C , = 0.75V 
Measure V P | N 2 4 with 200//A and 
3mA pulled out of the pin. 
Zlevel = change in V P j N 2 4 SOURCE 
3mA - 0.2mA 


100 


180 


250 


Q 


AV GD 

(1.5V) 


15,16 


Gated Detector Gain 
for V c , = 1.5VpK_ PK 


V PIN 22, 20, 17 * 0.4V 

V PIN -, = 2.875V, Vp| N 4 = 2.125V 


1.45 


1.8 


2.25 


V/V 


AV CD 
(0.75V) 


15, 16 


Gated Detector Gain 
for V a = 0.75Vp K _ PK 


V PIN 22, 20, 17 = °- 4V 

Vp, N ! = 2.688V, V PIN 4 = 2.313V 


1.45 


1.7 


2.25 


v/v 


AVlevel 
(1.5V) 


24 


Level Voltage Gain 
For V c , = 1.5V PK _p K 


V PIN -, - 2.875V, V PIN 4 = 2.125V 


1.45 


1.8 


2.25 


v/v 


AVlevel 
(0.75V) 


24 


Level Voltage Gain 

For V C | - 0.75V pk _pk 


V PIN ! = 2.687V, V PlN 4 = 2.312V 


1.6 


1.9 


2.4 


v/v 


GL GD 


15,16 


Gated Detector Gain Linearity 






±0.1 


±2.5 


% 


'cc 


9 


V cc Supply Current 


V C c " Max 


40 


90 


110 


mA 


Vref 


21 


V REF Voltage 




2.0 


2.25 


2.5 


V 
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AC ELECTRICAL CHARACTERISTICS 

Over Recommended Operating Temperature and Supply Range refer to AC Test Setup, 
f = 2.5MHz unless otherwise indicated. PKA, PKB = 1KQ + 10nF to GND. 



Symbol 


Pins 


Parameter 


Conditions 


Min 


Typ 


Max 


Units 


tCHARGE 


15, 16 


Gated Detector Charge Time 


V c , = 1.5V PP , V PIN 22 = 0.3V, 
With PKA and PKB discharged, 
measure the time from Pin 17 or 20 
going from 2V to 0.3V, to V BO i or 
V B o2 respectively, reaching 90% of 
their final value 




1.0 




fJS 


tDISCHARGE 


15, 16 


Gated Detector Discharge Time 


Vci - 1.5V PP . 

With LP1 charged, measure the time 
from Pin 22 going from 0.3V to 2V, to 
the voltage at V BO i or V BQ 2 reaching 
90% of their final value 




70 




JJS 


tON 


18, 19 


Gated Detector Turn ON Time 


V c , - 0.35V DC , V PIN 22 = 0.3V 
With LP1 discharged, measure the 
time from Pin 17 going from 2V to 
0.3V, to the voltage on Pin 18 
increasing 0.1V 

Do a similar measurement with LP2, 
Pin 20 and Pin 19 




0.2 




lis 


tOFF 


18, 19 


Gated Detector Turn OFF Time 


V c , - 0.35V DO V PIN 22 - 2V 
Measure the time from Pin 17 going 
from 0.3V to 2V, to the voltage on 
Pin 18 decreasing by 0.1V Do a 
similar measurement with Pins 20 and 
19 




0.4 




//s 


tpp 


12 


Pulse Pairing ML4568-1 


f = 2.5MHz and V c , - 1V PP differential 






±1 


ns 


tp P 


12 


Pulse Pairing ML4568-2 


f = 2.5MHz and V c , = 1V PP differential 






±3 


ns 



Notes: 

1. The temperature coefficient of the input impedance is typically 0.05% per °C. 

2. To prevent inductive coupling from the digital outputs to Amp In, the TTL outputs should not drive more than one ALS TTL load each. Pin 
11 is an open collector output which is tested with an external 1K pullup resistor to the 5V supply. 
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ML4568 CONNECTION DIAGRAM 



PLCC-28 Version 




Note 1: K = R1/R2 

Note 2: Hysterisis Level = 0.6 x K/V !N P . P 

Note 3: RC on pins PKA and PKB basically tuned to minimize ripple. 
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APPLICATION INFORMATION 

SETTING THE OUTPUT PULSEWIDTH 

The RD output pulsewidth is dependent on the value 
of Cqs/ which is connected from pin 10 to Vco This 
relationship is shown in figure 1. 



SELECTING C D 

The following table summarizes the maximum Cp value 
allowed for different data rates. These values are 
derived using 

176 

Cd (max) - , R D = 

•max 



Data Rate 


Wx 


C D (max) 


7.5 MB/s 


2.81 MHz 


62.6 pF 


24 MB/s 


9 MHz 


19.6 pF 



Table 1. Maximum Cp Value Allowed for a 1.5 V>_p 
Differential Signal Using RLL (1, 7) Code 





1, 7 RLL 


2, 7 RLL 


Wx 


3/8 x Data Rate 


1/3 x Data Rate 


Wx 


3/32 x Data Rate 


1/8 x Data Rate 



Table 2. 



100 150 

Cos (PR 



Figure 1. RD Output Pulsewidth as a Function of Cos 
PW - 0.5C O s 



ORDERING INFORMATION 



PART NUMBER 


PACKAGE 


PULSE PAIRING 


ML4568-1CQ 
ML4568-2CQ 


MOLDED PCC (Q28) 
MOLDED PCC (Q28) 


±1 ns 

±3 ns 
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ML4610R, ML4611R 



5V, 2-, 4-Channel Thin-Film 
Read/Write Circuit 



GENERAL DESCRIPTION 

The ML461 OR/4611 R is a bipolar monolithic read/write 
circuit designed for use with two-terminal thin-film 
recording heads. They provide a low noise read amplifier, 
write current control, and data protection circuitry for up 
to four channels. The ML461 OR/461 1 R incorporates 
internal 700 ohm damping resistors which dampen the 
write signals to the disk. When the device is switched to 
read mode, the damping resistor is switched out to allow 
the full signal to be amplified. Power supply fault 
protection is provided by disabling the write current 
generator during power sequencing. System write to read 
recovery time is significantly improved by controlling the 
read channel common mode output voltage shift in the 
write mode. The ML4611 R option also provides an user 
controllable write current adjustment capability, available 
in the 24-Pin package only. 



FEATURES 

■ Compatible to SSIs 32R461 OR/461 1 R 

■ Can drop into SSIs 32R2020R series sockets 

■ Single +5 volt operation 

■ Low Power, P !DLE < 50mW, P MAX < 200mW 

■ Read Mode gain = 200V/V 

■ Damping resistors switched out in Read mode 

■ Input noise = 0.85nV/VRz max 

■ Input capacitance = 35pF max 

■ Write Current range = 1 0-3 5mA 

■ Programmable write current source 

■ Enhanced system write to read recovery time 

■ Power supply fault protection 

■ Head short to ground protection 

■ 24-pin SOIC (4 channel with WCADJ) 

■ 20-pin SOIC (4 channel without WCADJ) 

■ 1 6-pin SOIC (2 channel without WCADJ) 



BLOCK DIAGRAM 

VCC1 GND WUS VCC2 












1 






| J_ 








REFERENCE 
VOLTAGE 














WRITE UNSAFE 
DETECTOR 






READ 

PREAMPS 

AND WRITE 

CURRENT 

SWITCHES 

(x4) 
















HOY 







MODE 
SELECT 






t 




i 








R/W 






J T 






r« 














i 1 














^| 












< 


READ 
BUFFER 


H1X 






- H1Y 




































\ 




S Q 
T WDFF Q 










_ H2X 






U^ 




























1 


^ 














WRITE 
CURRENT 
SOURCE 














VOLTAGE 

FAULT 

REGULATOR 




1 >. 




WCADJ 


























_ H3X 
- H3Y 


















HSO 
































V 


vc wc 


ADj 





3^, Micro Linear 



5-269 



ML4610R, ML4611R 



PIN CONNECTION 



ML4610R-2CS 
(S16W) 


ML4610R-4CS 
(S20W) 


ML4611R-4CS 

(S24W) 


GND EC 


1 16 ID CS 


GND EE 1 20 


13 cs 


GND EE 


1 


24 ID CS 


hox n: 


2 15 id R/W 


HOX CE 2 19 


ID R/W 


N/C EE 


2 


23 ID R/W 


hoy ee 


3 14 ID WC 


HOY EC 


3 18 


ID wc 


hox EE 


3 


22 ID WCADj 


hix EC 


4 13 


ID RDY 


HIX EE 4 17 


ID RDY 


HOY EE 


4 


21 ID WC 


hiy cr 


5 12 U RDX 


H1Y EE 5 16 


U RDX 


hix EE 


5 


20 ZED RDY 


VCC2 EC 


6 11 I] HSO 


H2X EE 


6 15 


DD hso 


HIY EE 


6 


19 ID RDX 


n/c cr 


7 10 ID VCC1 


H2Y EE 


7 14 


U HS1 


H2X EE 


7 


18 ID HSO 


wus ee 


8 9 ID WDI 


H3X EE 8 13 
H3Y EE 9 12 


ID VCC1 
U WDI 


H2Y EE 
H3X EE 


8 
9 


17 
16 


IED HS1 




TOP VIEW 




DU vcci 




VCC2 EE 10 11 


ID wus 


H3Y EE 10 

N/c EE 11 

VCC2 EE 12 


15 
14 
13 


ID WDI 






TOP VIEW 




T2 WUS 

ID N/C 



TOP VIEW 



PIN DESCRIPTION 



NAME 



TYPE FUNCTION 



NAME 



TYPE FUNCTION 



HSO, HS1 
CS 
R/W 
WUS 

WDI 

HOX - H3X 
HOY - H3Y 



I Head Select: Selects one of four heads 

I Chip Select: A high inhibits the chip 

I Read/Write: A high selects read mode 

O Write Unsafe: A high indicates an 
unsafe writing condition 

I Write Data In: Changes the direction 
of the current in the head 

I/O X,Y Head Connectors 



RDX, RDY O X, Y Read Data: Differential read data 
output 

WC Write Current: Used to set the 

magnitude of the write current 

WCADJ Write Current Adjust: Used to decrease 

the write current 

VCC1 I +5 volt supply 

VCC2 I +5 volt supply for write current drivers 

GND I Ground 
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RECOMMENDED OPERATING 
CONDITIONS 

DC Supply Voltage (V cc 1) 5 ±5% VDC 

DC Supply Voltage (V cc 2) 5 +5% VDC 

Operating Junction Temperature (Tj) +25° to +110°C 



ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (V cc 1 ) -0.3 to +7VDC 

DC Supply Voltage (V C c2) -0.3 to +7VDC 

Write Current (l w ) 80mA 

Digital Input Voltage (V, N ) -0.3 to VCC1 + 0.3VDC 

Head Port Voltage (V H ) -0.3 to VCC1 + 0.3VDC 

Output Current: (RDX, RDY I0) -10mA 

Output Current: (WUS) +12mA 

Storage Temperature T$tg -65 to +1 50°C 



ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


V CC 1 


Supply Current 


Read Mode 
Write Mode 
Idle Mode 






33 
27 
12 


mA 
mA 
mA 


V CC 2 


Supply Current 


Read Mode 
Write Mode 
Idle Mode 






11 

10 + l w 

0.4 


mA 
mA 
mA 




Power Dissipation 


Read Mode 
Write Mode 
Idle Mode 






200 
300 
65 


mW 
mW 
mW 


DIGITAL INPUTS 


V|L 


Input Low Voltage 








0.8 


VDC 


V| H 


Input High Voltage 




2.0 






VDC 




Input Low Current 


V| L = 0.8V 


-0.4 






mA 




Input High Current 


V| H = 2.0V 






100 


"A 


Vol 


WUS Output Low Voltage 


Iql = 2 mA max 






0.5 


VDC 




VCC1 Fault Voltage 


l w < 0.2 mA 


3.8 


4.0 


4.2 


VDC 


WRITE CHARACTERISTICS 




Write Current Constant "K" 






0.99 






Vwc 


Write Current Voltage 




1.15 


1.25 


1.35 


V 




WCADJ Voltage 


Iwcadj = to 0.5 mA 


2.0 


Vcc/2 


3.0 


VDC 




I HEAD (DECREASE) / 'WCADJ 




26 


29 


32 


mA/mA 




Iwcadj Range 




0.0 




0.5 


mA 




Differential Head 
Voltage Swing 




3.4 


6 




Vp_p 




Unselected Head Current 








1 


mA (pk) 




Head Differential 
Load Capacitance 








25 


pF 




Head Differential 
Load Resistance 


R D (ML4610R/4611R) 


560 


700 


950 


Q 




WDI Transition Frequency 


WUS = low 


1.0 






MHz 




Write Current Range (lw) 




10 




35 


mA 
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ELECTRICAL CHARACTERISTICS 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



READ CHARACTERISTICS CL (RDX,RDY) 


< 20 pF, RL (RDX, RDY) = 1kft 












Differential Voltage Gain 


V| N = 1mV P _p@1MHz 


160 


200 


240 


V/V 




Voltage BW 
-1dB 
-3dB 


lZsl<5ft,V, N = 1mVp_ P 


20 
35 






MHz 
MHz 




Input Noise Voltage 


BW= 15MHz, L H = 0, R H = 




0.6 


0.85 


nVMHz 




Differential Input Capacitance 


V| N = 1 mV P _ P/ f = 5MHz 




27 


35 


PF 




Differential Input resistance 


V| N = 1mV P _ P/ f=5MHz 


1000 






Q 




Dynamic Range 


AC input voltage where gain falls to 
90% of its small signal gain value, 
f=5MHz 


3 






mVp_p 




Common Mode 
Rejection Ratio 


V| N = volts DC + 1 00mVp_ P @ 5MHz 


45 






dB 




Power Supply Rejection Ratio 


100mVp_ P @ 5MHz on V C c 


40 






dB 




Channel Separation 


Unselected channels driven with 
V| N = volts DC + 1 00mV P _p 


45 






dB 




Output Offset Voltage 




-200 




+200 


mV 




Single-Ended 
Output Resistance 


f=5MHz 






40 


Q 




Output Current 


AC coupled load, RDX to RDY 


1.4 






mA 


RDX, 
RDY 


Common Mode Output 




2.0 


2.8 


3.5 


VDC 



SWITCHING CHARACTERISTICS l w = 20mA, R H = 30Q, L H = 1uU, f DATA = 5MHz 



R/W 


Read to Write 


R/W to 90% of write current 




0.1 


1.0 


JUS 


R/W 


Write to Read 


R/Wto90%of100mV 














Read signal envelope 




0.5 


1.0 


U.S 


CS 


Unselect to Select 


CS to 90% of write current or 














90% of 1 00m V, 10MHz 




0.4 


1.0 


us 


CS 


Select to Unselect 


CS to 1 0% of write current 




0.4 


1.0 


us 




HS0-1 to any head 


To90%of100mV10MHz 














Read signal envelope 




0.2 


1.0 


\xs 




WUS 














Safe to Unsafe (TD1) 




0.6 


2.0 


3.6 


U.S 




Unsafe to Safe (TD2) 






0.2 


1.0 


US 




Head Current: 


L H = 0, R H = 












WDI to Ix - ly (TD3) 


From 50% points 






32 


ns 




Asymmetry 


WDI has 1 ns rise/fall time 






1.0 


ns 




Rise/Fall Time 


10% to 90% points 






12 


ns 
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TIMING DIAGRAM 



WD1 ' 


j\r\j\f\r\ 


\ A 




<- TD2-^ 


i 


1 


WUS 


1 


r-'") 


-+ 


-*-TD3 






HEAD 
CURRENT 

(tx-ty) 


\ I \ / \ 


/ U 



Figure 1 . Write Mode. 



MODE SELECT 



HEAD SELECT 



cs 


R/W 


MODE 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



HS1 


HSO 


HEAD 














1 


1 


1 





2 


1 


1 


3 



FUNCTIONAL DESCRIPTION 

The ML461 OR/461 1 R has the ability to address up to 4 
two-terminal thin-film heads and provide write drive or 
read amplification. Head selection and mode cojTtrol are 
described in the tables below. The TTL inputs R/W and CS 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HS1 have internal pull-downs. 
Internal clamp circuitry will protect the ML461 OR/461 1 R 
from a head short to ground condition in any mode. The 
damping resistors are switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both CS and R/W low selects write mode which 
configures the ML461 OR/4611 R as a current switch and 
activates the Write Unsafe (WUS) detector circuitry. Head 
current is toggled between the X and Y side of the selected 
head on each high to low transition of the Write Data 
Input (WDI). A preceding read or idle mode select 
initializes the Write Data Flip-Flop to pass write current 
through the "X" side of the head. The current calculations 
are shown below: 

Write current (peak) is given by: 



I w = 



K x VWC 
RWC 



where 

RWC is connected from pin WC to GND 

Actual head current is given by: 



Ix,y = 






where 



R|_l = head + external wire resistance 
Rq = damping resistance 

The ML461 OR/461 1 R adds a feature which allows the user 
to adjust the Iw current by a finite amount using the 
WCADJ pin, while writing to the disk. It is used by 
switching a separate write current adjust resistor in and 
out on the WCADJ pin or by connecting a DAC to that pin 
to sink a controllable amount of current. It is nominally 
biased to Vcc/2. Sinking current from this pin to ground, 
will divert a proportional amount of current from the 
actual head current while maintaining a constant current 
through the WC resistor and Vcc- Allowing WCADJ to 
float or pulling it high will cut off the circuit and it will 
have no effect. For example, if the nominal head current is 
set to 30mA through WC with WCADJ open, then for a 
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7.25mA head current decrease, a lOkCl resistor would be 
connected from the WCADJ pin to ground. A TTL gate 
could be used as a switch with a small degradation in 
accuracy. A DAC could be programmed to sink 0.25mA 
from the WCADJ pin, for achieving the same function. 



Iw head {decrease) • 



29xV WCADJ 
R WCADJ 



where 



Vwcadj = Voltage on the WCADJ pin 
Rwcadj = Write current adjust setting resistor 

VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under the 
conditions given below. After the fault condition is 
removed, a negative transition on WDI is required to clear 
WUS. 

— Write Data Input frequency too low 

— Device in Read Mode 

— Chip is disabled or head is open 

— No write current 



READ MODE OPERATION 

The Read mode configures the ML461 OR/461 1 R as a low 
noise differential amplifier and deactivates the write 
current generator. The RDX and RDY output are driven by 
emitter followers. They should be AC coupled to the load. 
The (X,Y) inputs are non-inverting to the (X,Y) outputs. In 
the Idle or Write mode, the read amplifier is deactivated 
and RDX, RDY outputs_ become high impedance. This 
facilitates multiple R/W applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML461 OR/461 1 R supports the feature by which the 
internal damping resistors are switched out in the read 
mode, which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum, less than 50mW. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4610R-2CS 
ML4610R-4CS 
ML461 1 R-4CS 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


16-Pin SOIC (S16W) 
20-Pin SOIC (S20W) 
24-Pin SOIC (S24W) 
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PRELIMINARY 

ML6005 



24 Mbps Read Channel Filter/Equalizer 



GENERAL DESCRIPTION 



FEATURES 



The ML6005 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 24Mbits/s / with 
an operating power dissipation of less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The auto-zero circuitry, if enabled, 
reduces the output offsets to less than 20mV. The read/ 
write control is also provided by a hardware pin. The 
ML6005 is well suited for constant density recording 
systems (Zoned-bit recording) as well as for constant data 
rate systems. A 36Mbits/s version, ML6006 is also 
available. 



6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

Disk Data rates up to 24Mbit/s 

Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(f c = 3.1 3 to 13.5MHz) 

32 step programmable pulse slimming equalization, 
to 1 0dB boost at f c . 

Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

Double buffered data latch for synchronous or 
asynchronous data loading. 

Single 5V ± 1 0% power supply 

0°C - 70°C operating temperature 

Available in 20-pin SSOP package. 

4 GHz/1 .5li BiCMOS process 

Power Dissipation — P opr = 300mW, Pd n = 7.5mW 



BLOCK DIAGRAM 



VCC1 GND NC 

(13) (4,5,9,11) (6,12,16) 



VCC2 

(3) 



VINP (7) - 



VI NM (8) - 



£1000 
►OHMS 

>1000 
►OHMS 



LOWPASS 
FILTER 



A A A 



BIAS 
CIRCUITS 



OUTPUT 
BUFFERS 



CONTROL REGISTER 
(14-BITS) 



VOLP(1) 
VOLM (2) 
VOHP (20) 
VOHM09) 



REXT 

(10) 



SCLK SDATA 

(18) (17) 



CS 

(15) 



R/W 
(14) 
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PIN CONNECTION 



20-Pin SSOP 




VOLP DC 


1 


20 XI VOHP 


VOLM [X 2 


19 X VOHM 


VCC2 [X 3 


18 XI SCLK 


GND CX 4 


17 X SDATA 


GND CX 5 


16 X NC 


NC CX 6 


15 X CS 


VINP EX 7 


14 X R/W 


VINM [X 8 


13 X VCC1 


GND CX 


9 


12 X NC 


REXT CX 


10 


11 


X GND 



TOP VIEW 



PIN DESCRIPTION 



PIN# 



NAME 



FUNCTION 



PIN# 



NAME 



FUNCTION 



1 VOLP 

2 VOLM 

3 VCC2 



4,5, 
9, 11 



10 

13 
14 



GND 



7 VINP 

8 VINM 



REXT 

VCC1 
R/W 



Normal Lowpass outputs 

Positive supply for the output 
drivers, 5V± 10% 

Ground 



Signal Inputs 

A 10K resistor between this pin and 
ground sets the filters corner 
frequency 

Positive supply, 5V ± 10% 

Read/Write Control pin. A low 
input level allows normal operation 
of the filter in the read mode. A 
high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TTL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 



15 



19 
20 

6,12, 
16 



CS 



1 7 SDATA 

18 SCLK 



VOHM 
VOHP 

NC 



Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

Differentiated lowpass outputs 



No Connects, reserved for future 
use. 
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OPERATING CONDITIONS 

VCC1 =VCC2 + 5 volts ± 10% 

VIN = (VINP-VINM) 1 Vp-p 

Rext 10Kohms 

Serial Clock Frequency (SCLK) < 25 MHz 

AC Coupling Capacitors > 0.0001 |iF 



ABSOLUTE MAXIMUM RATINGS 

VCC1 , VCC2 _ +6.5 volts 

VINP, VINM, REXT, CS, SCLK, 

SDATA, R/W GND-0.3VtoVCC1 + 0.3V 

VOLP, VOLM, 

VOHP, VOHM GND - 0.3V to VCC2 + 0.3V 

Input Current per pin ± 25 mA 

Package Dissipation 

at Ta = 25°C (Surface Mount) 1 .5 Watts 

Junction Temperature +150°C 

Storage Temperature -65°C to +1 50°C 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCC1 = VCC2 = 5 volt ± 1 0%, Ta = 0°C to 70°C, Rext = 1 Kohms 

VIN = (VINP - VINM) = 1 Vp-p sinewave input 

VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 

Input and Output coupling capacitors = 0.0047 fxF 

RB1 = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 1 9 & 20) 

RL = 1 000 (1 000) ohms and CL = 50 (50) pF on pins 1 (1 9) and 2 (20) 

Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 

Digital timing measured at 1 .4V midpoint 

Input control signals from 1 0% - 90% of VCC1 with (t r = tf) < 5 ns. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


DC CHARACTERISTICS 


Ice 


VCC Supply Current 


RB1 = RB2 = INF 




60 


74 


mA 


Ipd 


Standby Current 


VIN = 




1.5 


2 


mA 


DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 


VIL 


Low Voltage 








0.8 


V 


VIH 


High Voltage 




2.0 






V 


IIH 


High Current 








1.0 


uA 


IIL 


Low Current 








-1.0 


uA 


ON 


Input Current 






5 




pF 


DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 


tpvy-CS 


Width of CS, High/Low 




25 






ns 


tsu-SDATA 


SDATA Setup time to SCLK 




15 






ns 


t H -SDATA 


SDATA Hold Time 




5 






ns 


tsu-CS 


CS Setup Time to SCLK 




15 






ns 


t H -CS 


CS Hold Time to SCLK 











ns 


tpH-SCLK 


SCLK Pulse Width 




20 






ns 


t H -SCLK 


CS Inactive to SCLK Active 




125 






ns 
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ELECTRICAL CHARACTERISTICS 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



MAX 



UNITS 



EQUALIZER (NORMAL AND LOWPASS OUTPUT) 



AG 


Absolute Gain 


S0-S4 = 0, F0-F5 = 0at1MHz 


-1.5 


-0.5 


0.5 


dB 


CF 


Cutoff Frequency, -3dB 
(f ref =1MHz) 


S0-S4 = 0, (-3dB slimming) 
F5 F4 F3 F2 F1 F0 (f c ) 

















12.15 


13.50 


14.85 


MHz 






1 


11.54 


12.82 


14.10 


MHz 






10 


11.04 


12.27 


13.50 


MHz 






10 


10.13 


11.25 


12.38 


MHz 






10 


8.68 


9.64 


10.60 


MHz 






10 


6.75 


7.50 


8.25 


MHz 






1 


4.67 


5.19 


5.71 


MHz 






111111 


2.82 


3.13 


3.44 


MHz 


SL 


Slimming Level 
(Gain at CF Referred to AG, 


F0-F5 = 0; at CF 

S4 S3 S2 S1 SO 












Vout = 1 Vp-p 


1 


-1.4 


-2.4 


-3.4 


dB 






10 


-0.9 


-1.9 


-2.9 


dB 






10 


-0.0 


-0.9 


-1.9 


dB 






10 


-0.2 


0.8 


1.8 


dB 






10 


2.4 


3.4 


4.4 


dB 






11111 


5.9 


6.9 


7.9 


dB 


GD 


Diff Group Delay 


Fref= 5.0MHz, F0-F5 = 


-1 




+1 


ns 


HD 


Harmonic Distortion 
Second and Third related 


F0-F5 = 0, 

Vout = 1 .5Vp-p, Fin = 9.0MHz 












to Fundamental 


S0-S4 = (no slimming) 
S0-S4 = 1 (full slimming) 






-45 
-40 


dB 
dB 


ICN 


Idle Channel Noise 


F0-F5 = 0, VOLP 












(VIN = 0, DC - 78MHz) 


S0-S4 = (no slimming) 
S0-S4 = 1 (full slimming) 






2 
6 


mVrms 
mVrms 


DR 


Dynamic Range 


F0-F5 = 0, Fin = 13.5MHz 












(Signal/(Noise + Distor)) 


S0-S4 = (no slimming) 






-41 


dB 




Signal = 1Vp-p 


S0-S4 = 1 (full slimming) 






-35 


dB 


PSRR 


Power Supply Rejection 


1 00m Vp-p sinewave on Vcc 
F0-F5 = 0, S0-S4 = 0, Vin = 
Fin = 1 .0MHz 
Fin = 40MHz 




40 
30 




dB 
dB 


DELPHI 


Phase Shift between LP 


All F'sandS's = 












and HP Output 


Vin = 1Vp-p, Fin = 9.0MHz 


88 


90 


92 


Degree 



ANALOG 



VIP 


Input Signal Monotonicity 


All F's and S's = 0, (VINP - VINM) 
Fin = 9.0MHz 




1 


2 


Vp-p 


RID 


Differential Input Resistance 


VIN = 100mVp-p at 6.7MHz 


1.3 


2 


3 


Kohms 


CID 


Differential Input Capacitance 


VIN = 100mVp-p at 6.7MHz 




5 




pF 


ZIC 


Common-mode 
Input Impedence 






1 




Kohms 


RPD 


Recovery from Pwr Dn 


Auto Zero function OFF 
Auto Zero function ON 




10 
TBD 




U.S 


VOS 


Output Offset Voltage 


Differential VOLP or VOHP 
Auto Zero ON (S0-S4 = or 1 ) 
Auto Zero OFF (S0-S4 = 0) 
Auto Zero OFF (S0-S4 = 1 ) 






20 
300 
TBD 


mV 
mV 
mV 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


ANALOG (Continued) 


ROD 


Output Resistance 


Differential VIN = 0; at 6.7MHz 




5 




Ohms 


COD 


Output Capacitance 


Differential VIN = 0; at 6.7 MHz 




8 




pF 


ROC 


Output Resistance 
Common Mode 


Common mode 
VIN = 0; at 6.7MHz 




5 




Ohms 


COC 


Output Capacitance 
Common Mode 


Common mode 
VIN = 0; at 6.7MHz 




15 




pF 


CLSE 


Load Capacitance 


VOLP; RB1 = 750 ohms 
VOHP; RB2 = 750 ohms 






50 
50 


pF 
pF 


RLSE 


Load Resistance 


VOLP 
VOHP 


400 
400 






Ohms 
Ohms 


RLOZ 


Input Resistance 


Diff; PD and/or RW bit = 1 






350 


Ohms 


>OB 


Output Buffer Bias Current 


VOLP or VOHP, VOLM or VOHM 


1 


1.4 




mA 


■osc 


Short Circuit Output Current 


VOLP or VOHP, VOLM or VOHM 




50 


100 


mA 


SBA 


Stopband Attenuation 


SO = at 2CF 


TBD 






dB 





FUNCTIONAL DESCRIPTION 



INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6005 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 13.5 MHz filter bandwidth in a 
1 .5u/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6005 filter consists of a 6 th order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. The corner frequency is digitally 



programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from to 10 dB. 

In a typical application, the ML6005 is used together with 
a pulse detector such as the ML541 , ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6005 
input and the output of the ML6005 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6005 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6005 input and 
output common mode voltage biases are generated on- 
chip. The ML6005 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6005 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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EQUALIZER FILTER 

The filter transfer function is composed of a second order 
numerator and a sixth order denominator. The low 
frequency attenuation is set internally to OdB. The 
numerator realizes two zeros symmetrical symmetrical to 
the imaginary axis, one in the left and the other in the 
right half plane. The location of the zeros is 
programmable. This realizes a digitally programmable 
pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 
The slimming level is controlled by 5 bits in the control 
register, thus providing 32 different choices between to 
10 dB. The denominator approximately realizes a 
maximally flat group delay (Bessel) function with a 
digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 
cutoff frequencies. 

SLIMMING LEVEL 

The slimming levels generated by the slimming bits are 
shown below. There are 5 bits of control, SO - S4. The 
typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at f c in dB is also 
given by the formula : 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 

where K = 0, 1, .. .31 

CUTOFF FREQUENCY 

There are 6 bits in the control register that controls the 
position of the cutoff frequency, F0 - F5. The typical 
values of the cutoff (-3dB) frequency are shown in the 
table below for the case when SO - S4=0 (no slimming). 
There are a total of 64 frequencies available from 
13.5MHz down to 3.13MHz. Bits F1 - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit F0 is 
used to shift the whole frequency setting range by 5% 
lower than each of the 32 settings given by F1 - F5. This 
offers a scheme to increase the effective resolution of the 
cutoff frequency programmability. This feature is specially 
useful in the higher frequency range, where the 
granularity is coarse. 

For example : 

By setting F0 = 0, 

Cutoff frequency = 1 3.50 MHz with F5 - F1 = 00000 and 

Cutoff frequency = 1 2.27 MHz with F5 - F1 = 00001 , the 
next consecutive setting. 

Frequency delta between consecutive settings = 1 .23 
MHz or about 9% of 1 3.50 MHz. 

By setting F0 = 1 , we can shift the consecutive cutoff 
frequency settings as follows : 

Cutoff frequency = 1 3.50 MHz with (F5 - F1 , F0) = 
(00000, 0) 



TABLE 1 : TABLE OF SLIMMING LEVEL 
PROGRAMMING VALUES 




S4 


S3 


S2 


S1 


SO 


K 


GAIN AT 
F c (dB) 


STEPS 
(dB) 




















-3.0 
















1 


1 


-2.4 


0.6 











1 





2 


-1.9 


0.5 











1 


1 


3 


-1.4 


0.5 








1 








4 


-0.9 


0.5 








1 





1 


5 


-0.4 


0.5 








1 


1 





6 


-0.0 


0.4 








1 


1 


1 


7 


0.4 


0.4 
















8 


0.8 


0.4 













1 


9 


1.2 


0.4 










1 





10 


1.5 


0.3 










1 


1 


11 


1.9 


0.4 







1 








12 


2.2 


0.3 







1 





1 


13 


2.5 


0.3 







1 


1 





14 


2.8 


0.3 







1 


1 


1 


15 


3.1 


0.3 
















16 


3.4 


0.3 













1 


17 


3.7 


0.3 










1 





18 


4.0 


0.3 










1 


1 


19 


4.2 


0.2 







1 








20 


4.5 


0.3 







1 





1 


21 


4.7 


0.2 







1 


1 





22 


5.0 


0.3 







1 


1 


1 


23 


5.2 


0.2 




1 











24 


5.4 


0.2 




1 








1 


25 


5.7 


0.3 




1 





1 





26 


5.9 


0.2 




1 





1 


1 


27 


6.1 


0.2 




1 


1 








28 


6.3 


0.2 




1 


1 





1 


29 


6.5 


0.2 




1 


1 


1 





30 


6.7 


0.2 




1 


1 


1 


1 


31 


6.9 


0.2 



Cutoff frequency = 12.82 MHz with (F5 ■ 
(00000, 1) Delta = 0.68 MHz 



F1,F0) = 



Cutoff frequency = 1 2.27 MHz with (F5 - F1 , F0) = 
(00001,0) Delta = 0.55 MHz 

Hence frequency delta between consecutive settings is 
lower, thus higher resolution. 

In the table 2 below, the cutoff frequencies are shown as 
two columns depending on the F0 bit being zero or one. 
The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 
the 5% frequency circuitry, the monotonicity between the 
two columns cannot be guaranteed. This is especially 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 
settings becomes very close (< 1 %). Further tuning of the 
cutoff frequency down to the 1 to 1 0% range can be 
achieved by modifying the value of the external resistor 
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from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below : 

r i3.5x(l-FOx0.05) x l OKohm S l MHz 
|Jl + 0.1xINT(N/2)] Rext J 

OUTPUT BUFFER 

The output buffer is the final stage of the ML6005 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1 .4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 



SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on faljmg edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). F0 should be 
shifted in first, and F13 (the power-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20mV. 



TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING VALUES IN MHZ 



F5 


F4 


F3 


F2 


F1 


N 


f c with 
F0 = 


N 


f c with 
F0 = 1 




















13.5 

























1 


12.82 














1 


2 


12.27 


















1 






3 


11.66 











1 





4 


11.25 















1 









5 


10.69 











1 


1 


6 


10.38 















1 


1 






7 


9.87 
















8 


9.64 
























9 


9.16 













1 


10 


9.0 

















1 






11 


8.55 










1 





12 


8.44 














1 









13 


8.02 










1 


1 


14 


7.94 














1 


1 






15 


7.54 
















16 


7.50 
























17 


7.13 













1 


18 


7.11 

















1 






19 


6.75 










1 





20 


6.75 














1 


1 


22 


6.43 














1 









21 


6.41 







1 








24 


6.14 














1 


1 






23 


6.11 












1 


26 


5.87 























25 


5.83 









1 





28 


5.63 
















1 






27 


5.58 









1 


1 


30 


5.40 













1 









29 


5.34 


1 














32 


5.19 







F5 F4 


F3 


F2 


F1 


N 


f c with 
F0 = 


N 


f c with 
F0 = 1 


1 


1 


1 


1 






31 


5.13 


1 








1 


34 


5.00 






1 















33 


4.93 


1 





1 





36 


4.82 






1 








1 






35 


4.75 


1 





1 


1 


38 


4.66 






1 





1 









37 


4.58 


1 


1 








40 


4.50 






1 





1 


1 






39 


4.42 


1 







1 


42 


4.35 






1 














41 


4.28 


1 




1 





44 


4.22 






1 







1 






43 


4.14 


1 




1 


1 


46 


4.09 






1 




1 









45 


4.01 


1 1 











48 


3.97 






1 


1 


1 


1 






47 


3.89 










1 


50 


3.86 





















49 


3.77 







1 





52 


3.75 














1 






51 


3.66 







1 


1 


54 


3.65 











1 









53 


3.56 












56 


3.55 




















55 


3.47 









1 


58 


3.46 




















57 


3.38 






1 





60 


3.38 













1 






59 


3.29 






1 


1 


62 


3.29 










1 









61 


3.21 






1 


1 






63 


3.13 



N is the decimal value of the cutoff frequency bits (F5 - F0), in the control 
register 
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TIMING DIAGRAM 
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tsu-CS 
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tpw-SCLK 
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1 
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tH-SDATA 


1 





1 
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SCLK HOLD 
tH-SCLK 



Figure 1 . 



CONTROL REGISTER DEFINITION 



F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 



AZ PD R/W SLIMMING CONTROL 



FREQUENCY CONTROL 



AZ 


AutoZero 


1 = Autozero circuitry activated 
= Autozero circuitry inactive 


PD 


Power Down 


1 = Chip is in power down mode 
= Chip is fully powered up 


RAV 


ReadAVnte 


1 = Write data mode 
= Read data mode 



APPLICATIONS CIRCUIT/TEST SETUP 



FO 



0.0047uT 



0.0047uf 

I ho 



0.0047|iF 

1h° 




, RLOAD 
(1000ft) 



0.0047UT 

ih° 



■ RLOAD 
(1000ft) 



0.0047jiF 
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REF LEVEL /DIV 

-15.000dB 5.000dB 

-15.000dB 5.000dB 



MARKER 3 385 752.200Hz 
MAG(UDF) -25.348dB 
MARKER 3 385 752.200Hz 
MAG (D4) -36.371 dB 



REF LEVEL /DIV 

-15.000dB 5.000dB 

-15.000dB 5.000dB 



MARKER 3 385 752.200Hz 
MAG(UDF) -25.270dB 
MARKER 3 385 752.200Hz 
MAG(D4) -36.157dB 
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1M 
START 500 000.000Hz 



STOP 50 000.000Hz 



1M 
START 500 OOO.OOOHz 



STOP 50 OOO.OOOHz 



Filter Response (Lowpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (f c ) settings. Setting 1 =3.13 MHz, 2 = 
6.75 MHz and 3 = 1 3.5 MHz. At each of the f c settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 



Filter Response (Bandpass Output) 

Shown are the ML6005 filter response at three different 
cutoff frequency (f c ) settings. Setting 1 =3.13 MHz, 2 = 
6.75 MHz and 3 = 1 3.5 MHz. At each of the f c settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 



REF LEVEL /DIV 

40.000nSEC LOOOnSEC 
40.000nSEC LOOOnSEC 



MARKER 10 415 500.00Hz 
DELAY (UDF) 39.387nSEC 
MARKER 10 415 500.000Hz 
DELAY (UDF) 39.41 3nSEC 
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REF LEVEL /DIV 
-90.000deg LOOOdeg 






MARKER 13 632 170.100Hz 
PHASE (UDF) -89.709deg 
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START 100 OOO.OOOHz 
AMPTD 50.1 19mV 



STOP 50 OOO.OOOHz 
DELAY APER 2.392MHz 



1M 
START 500 OOO.OOOHz 



STOP 50 OOO.OOOHz 



ML6005 Filter/Equalizer group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (Vol) and bandpass (Voh) outputs, 
at an f c of 1 3.5 MHz, with on slimming activated (A) and 
full slimming activated (B). It can be seen that the group 
delay tracking between the lowpass and bandpass outputs 
is well within 1 ns. 



Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 1 MHz. 



ML6005 FILTER/EQUALIZER CHARACTERISTICS 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6005CR 


0°C to +70°C 


20-Pin SSOP (R20) 



5-284 



3^ Micro Linear 



Q^ Micro Linear 



July 1992 
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ML6006 



36 Mbps Read Channel Filter/Equalizer 



GENERAL DESCRIPTION 



FEATURES 



The ML6006 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 36Mbits/s, with 
an operating power dissipation of less than 350mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The user can independently 
adjust both the corner frequency, as well as the slimming 
level. The desired frequency response is programmed by a 
14-bit serial input data stream which includes one bit for 
power-down, one bit for read/write control, and one bit 
for auto-zero control. The read/write control is also 
provided by a hardware pin. The ML6006 is well suited 
for constant density recording systems (Zoned-bit 
recording) as well as for constant data rate systems. A 
24 Mbits/s version, ML6005 is also available. 



6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

Disk Data rates up to 36 Mbit/s 

Programmable filter cutoff frequency 
(4.3:1 range in 64 steps) 
(f c = 4.69 to 20.25 MHz) 

32 step programmable pulse slimming equalization, 
Oto 10dB boost at f c . 

Power-down, Auto-zero, R/W modes programmable 
through bits in the Control Register 

Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

Double buffered data latch for synchronous or 
asynchronous data loading. 

Single 5V ± 1 0% power supply 

0°C - 70°C operating temperature 

Available in 20-pin SSOP package. 

4 GHz/1 .5|i BiCMOS process 

Power Dissipation: P opr = 350mW, Pd n = 7.5mW 



BLOCK DIAGRAM 



VCC1 GND NC 

(13) (4,5,9,11) (6,12,16) 



VCC2 

(3) 



VINP (7) ■ 



£1000 
>OHMS 

£1000 

>OHMS 



LOWPASS 
FILTER 



BIAS 
CIRCUITS 



OUTPUT 
BUFFERS 



CONTROL REGISTER 
(14-BITS) 



VOLP(1) 
VOLM(2) 
VOHP(20) 
VOHM(19) 



REXT 

(10) 



SCLK SDATA CS R/W 

(18) (17) (15) (14) 
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PIN CONNECTION 



20-Pin SSOP 



VOLP CX 1 


20 X VOHP 


VOLM CX 2 


19 X3 VOHM 


vcc2 ex 3 


18 XI SCLK 


GND CX 4 


17 X3 SDATA 


GDN CX 5 


16 XI NC 


NC CX 6 


15 X CS 


VINP CX 7 


14 X R/W 


VINM HZ 8 


13 X VCC1 


GND CX 9 


12 XI NC 


REXT CX 10 


11 XI GND 



TOP VIEW 



PIN DESCRIPTION 



PIN# 



NAME 



FUNCTION 



PIN# 



NAME 



1 

2 


VOLP 
VOLM 


Normal Lowpass outputs 


15 


CS 


3 


VCC2 


Positive supply for the output 
drivers, 5V± 10% 






4,5, 
9, 11 


GND 


Ground 






7 
8 


VINP 
VINM 


Signal Inputs 


17 


SDATA 


10 


REXT 


A 10K resistor between this pin and 
ground sets the filters corner 
frequency 


18 


SCLK 


13 
14 


VCC1 

R/W 


Positive supply, 5V ± 1 0% 

Read/Write Control pin. A low 
input level allows normal operation 
of the filter in the read mode. A 


19 
20 

6, 12, 
16 


VOHM 
VOHP 

NC 



high level input puts the filter in the 
write mode, where the input 
impedance is lowered to prevent 
the transients generated during 
write to read transitions from 
affecting the filter response. A TTL 
input. Additionally a metal mask 
option is available to configure this 
pin as either power down enable or 
frequency boost disable 



FUNCTION 



Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

Differentiated lowpass outputs 



No Connects, reserved for future 
use. 
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ABSOLUTE MAXIMUM RATINGS 

VCC1 , VCC2 +6.5 volts 

VINP, VINM, REXT, ~CS, SCLK, 

SDATA, ~R/W GND - 0.3V to VCC1 + 0.3V 

VOLP, VOLM, 

VOHP, VOHM GND - 0.3V to VCC2 + 0.3V 

Input Current per pin ± 25 mA 

Package Dissipation 

at Ta = 25°C (Surface Mount) 1 .5 Watts 

Junction Temperature +150°C 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec) 260°C 



OPERATING CONDITIONS 

VCC1 =VCC2 + 5 volts ±10% 

VIN = (VINP-VINM) 1 Vp-p 

Rext 10Kohms 

Serial Clock Frequency (SCLK) < 25 MHz 

AC Coupling Capacitors > 0.0001 LiF 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCC1 = VCC2 = 5 volt ± 1 0%, T a = 0°C to 70°C, Rext = 1 Kohms 

VIN = (VINP - VINM) = 1 Vp-p sinewave input 

VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 

Input and Output coupling capacitors = 0.0047 jiF 

RB1 = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 

RL = 1 000 (1 000) ohms and CL = 50 (50) pF on pins 1 (1 9) and 2 (20) 

Serial Clock Frequency = 20 MHz, Power Down, Auto Zero, Read/Write bits = 

Digital timing measured at 1 .4V midpoint 

Input control signals from 10% - 90% of VCC1 with (t r = tf ) < 5 ns. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


DC CHARACTERISTICS 


ice 


VCC Supply Current 


RB1 = RB2 = INF 




70 


84 


mA 


!pd 


Standby Current 


VIN = 




1.5 


2 


mA 


DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 


VIL 


Low Voltage 








0.8 


V 


VIH 


High Voltage 




2.0 






V 


IIH 


High Current 








1.0 


*aA 


ML 


Low Current 








-1.0 


uA 


CIN 


Input Current 






5 




pF 


DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 


tpw-CS 


Width of CS, High/Low 




25 






ns 


t su -SDATA 


SDATA Setup time to SCLK 




15 






ns 


t H -SDATA 


SDATA Hold Time 




5 






ns 


tsu-CS 


CS Setup Time to SCLK 




15 






ns 


t H -CS 


CS Hold Time to SCLK 











ns 


tpH-SCLK 


SCLK Pulse Width 




20 






ns 


t H -SCLK 


CS Inactive to SCLK Active 




125 






ns 
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ELECTRICAL CHARACTERISTICS 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



MAX 



UNITS 



EQUALIZER (NORMAL AND LOWPASS OUTPUT) 



AG 


Absolute Gain 


S0-S4 = 0, F0-F5 = 0at1MHz 


-1.5 


-0.5 


0.5 


dB 


CF 


Cutoff Frequency, -3dB 
(f ref =1MHz) 


S0-S4 = 0, (-3dB slimming) 
F5 F4 F3 F2 F1 F0 (f c ) 

















18.23 


20.25 


22.28 


MHz 






1 


17.32 


19.24 


21.16 


MHz 






10 


16.57 


18.41 


20.25 


MHz 






10 


15.19 


16.88 


18.57 


MHz 






10 


13.01 


14.46 


15.91 


MHz 






10 


10.13 


11.25 


12.38 


MHz 






1 


7.01 


7.79 


8.57 


MHz 






111111 


4.22 


4.69 


5.16 


MHz 


SL 


Slimming Level 
(Gain at CF Referred to AG, 


F0-F5 = 0; at CF 

S4 S3 S2 S1 SO 












Vout = 1 Vp-p 


1 


-1.4 


-2.4 


-3.4 


dB 






10 


-0.9 


-1.9 


-2.9 


dB 






10 


-0.0 


-0.9 


-1.9 


dB 






10 


-0.2 


0.8 


1.8 


dB 






10 


2.4 


3.4 


4.4 


dB 






11111 


5.9 


6.9 


7.9 


dB 


GD 


Diff Group Delay 


Fref = 7.5MHz, F0-F5 = 


-1 




+1 


ns 


HD 


Harmonic Distortion 
Second and Third related 


F0-F5 = 0, 

Vout = 1 .5Vp-p, Fin = 1 3.5MHz 












to Fundamental 


S0-S4 = (no slimming) 
S0-S4 = 1 (full slimming) 






-45 
-40 


dB 
dB 


ICN 


Idle Channel Noise 


F0-F5 = 0, VOLP 












(VIN = 0, DC - 78MHz) 


S0-S4 = (no slimming) 
S0-S4 = 1 (full slimming) 






2 
6 


mVrms 
mVrms 


DR 


Dynamic Range 


F0-F5 = 0, Fin = 13.5MHz 












(Signal/(Noise + Distor)) 


S0-S4 = (no slimming) 






-41 


dB 




(Signal = 1 Vp-p) 


S0-S4 = 1 (full slimming) 






-35 


dB 


PSRR 


Power Supply Rejection 


1 0OmVp-p sinewave on Vcc 
F0-F5 = 0, S0-S4 = 0, Vin = 
Fin = 1.0MHz 
Fin = 40MHz 




40 
30 




dB 
dB 


DELPHI 


Phase Shift between LP 


All F's and S's = 












and HP Output 


Vin = 1Vp-p, Fin = 13.5MHz 


88 


90 


92 


Degree 



ANALOG 



VIP 


Input Signal Monotonicity 


All F's and S's = 0, (VINP - VINM) 
Fin = 13.5MHz 




1 


2 


Vp-p 


RID 


Differential Input Resistance 


VIN = 100mVp-p at 10MHz 


1.3 


2 


3 


Kohms 


CID 


Differential Input Capacitance 


VIN = 100mVp-p at 10MHz 




5 




pF 


ZIC 


Common-mode 
Input Impedence 






1 




Kohms 


RPD 


Recovery from Pwr Dn 


Auto Zero function OFF 
Auto Zero function ON 




10 
TBD 




U.S 


VOS 


Output Offset Voltage 


Differential VOLP or VOHP 
Auto Zero ON (S0-S4 = or 1 ) 
Auto Zero OFF (S0-S4 = 0) 
Auto Zero OFF (S0-S4 = 1) 






20 
300 
TBD 


mV 
mV 
mV 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


ANALOG (Continued) 


ROD 


Output Resistance 


Differential VIN = 0; at 10MHz 




5 




Ohms 


COD 


Output Capacitance 


Differential VIN = 0; at 10 MHz 




8 




PF 


ROC 


Output Resistance 
Common Mode 


Common mode 
VIN = 0; at 10MHz 




5 




Ohms 


COC 


Output Capacitance 
Common Mode 


Common mode 
VIN = 0;at10MHz 




15 




PF 


CLSE 


Load Capacitance 


VOLP; RB1 = 750 ohms 
VOHP; RB2 = 750 ohms 






50 
50 


PF 
PF 


RLSE 


Load Resistance 


VOLP 
VOHP 


400 
400 






Ohms 
Ohms 


RLOZ 


Input Resistance 


Diff; PD and/or RW bit = 1 






350 


Ohms 


•ob 


Output Buffer Bias Current 


VOLP or VOHP, VOLM or VOHM 


1 


1.4 




mA 


bsc 


Short Circuit Output Current 


VOLP or VOHP, VOLM or VOHM 




50 


100 


mA 


SBA 


Stopband Attenuation 


SO = at 2CF 


TBD 






dB 





FUNCTIONAL DESCRIPTION 



INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6006 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 20 MHz filter bandwidth in a 
1 .5u/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6006 filter consists of a 6 th order Bessel low-pass 
and a 2 nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. The corner frequency is digitally 



programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from to 10 dB. 

In a typical application, the ML6006 is used together with 
a pulse detector such as the ML541 , ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6006 
input and the output of the ML6006 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6006 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6006 input and 
output common mode voltage biases are generated on- 
chip. The ML6005 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6005 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 
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EQUALIZER FILTER 

The filter transfer function is composed of a second order 
numerator and a sixth order denominator. The low 
frequency attenuation is set internally to OdB. The 
numerator realizes two zeros symmetrical symmetrical to 
the imaginary axis, one in the left and the other in the 
right half plane. The location of the zeros is 
programmable. This realizes a digitally programmable 
pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 
The slimming level is controlled by 5 bits in the control 
register, thus providing 32 different choices between to 
10 dB. The denominator approximately realizes a 
maximally flat group delay (Bessel) function with a 
digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 
cutoff frequencies. 

SLIMMING LEVEL 

The slimming levels generated by the slimming bits are 
shown below. There are 5 bits of control, SO - S4. The 
typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at f c in dB is also 
given by the formula : 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 

where K = 0, 1,. . .31 

CUTOFF FREQUENCY 

There are 6 bits in the control register that controls the 
position of the cutoff frequency, F0 - F5. The typical 
values of the cutoff (-3dB) frequency are shown in the 
table below for the case when SO - S4=0 (no slimming). 
There are a total of 64 frequencies available from 
20.25MHz down to 4.69MHz. Bits F1 - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit F0 is 
used to shift the whole frequency setting range by 5% 
lower than each of the 32 settings given by F1 - F5. This 
offers a scheme to increase the effective resolution of the 
cutoff frequency programmability. This feature is specially 
useful in the higher frequency range, where the 
granularity is coarse. 

For example : 

By setting F0 = 0, 

Cutoff frequency = 20.25 MHz with F5 - F1 = 00000 and 

Cutoff frequency = 18.41 MHz with F5 - F1 = 00001, the 
next consecutive setting. 

Frequency delta between consecutive settings = 1 .84 
MHz or about 9% of 20.25 MHz. 

By setting F0 = 1 , we can shift the consecutive cutoff 
frequency settings as follows : 

Cutoff frequency = 20.25 MHz with (F5 - F1 , F0) = 
(00000, 0) 

Cutoff frequency = 1 9.24 MHz with (F5 - F1 , F0) = 
(00000, 1) Delta = 1.01 MHz 



TABLE 1 : TABLE OF SLIMMING LEVEL 
PROGRAMMING VALUES 



S4 


S3 


S2 


SI 


so 


K 


GAIN AT 
F C (DB) 


STEPS 
(DB) 




















-3.0 
















1 


1 


-2.4 


0.6 











1 





2 


-1.9 


0.5 











1 


1 


3 


-1.4 


0.5 








1 








4 


-0.9 


0.5 








1 





1 


5 


-0.4 


0.5 








1 


1 





6 


-0.0 


0.4 








1 


1 


1 


7 


0.4 


0.4 
















8 


0.8 


0.4 













1 


9 


1.2 


0.4 










1 





10 


1.5 


0.3 










1 


1 


11 


1.9 


0.4 







1 








12 


2.2 


0.3 







1 





1 


13 


2.5 


0.3 







1 


1 





14 


2.8 


0.3 







1 


1 


1 


15 


3.1 


0.3 
















16 


3.4 


0.3 













1 


17 


3.7 


0.3 










1 





18 


4.0 


0.3 










1 


1 


19 


4.2 


0.2 







1 








20 


4.5 


0.3 







1 





1 


21 


4.7 


0.2 







1 


1 





22 


5.0 


0.3 







1 


1 


1 


23 


5.2 


0.2 




1 











24 


5.4 


0.2 




1 








1 


25 


5.7 


0.3 




1 





1 





26 


5.9 


0.2 




1 





1 


1 


27 


6.1 


0.2 




1 


1 








28 


6.3 


0.2 




1 


1 





1 


29 


6.5 


0.2 




1 


1 


1 





30 


6.7 


0.2 




1 


1 


1 


1 


31 


6.9 


0.2 



Cutoff frequency = 1 8.41 MHz with (F5 - F1 , F0) = 
(00001,0) Delta = 0.83 MHz 

Hence frequency delta between consecutive settings is 
lower, thus higher resolution. 

In the table 2 below, the cutoff frequencies are shown as 
two columns depending on the F0 bit being zero or one. 
The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 
the 5% frequency circuitry, the monotonicity between the 
two columns cannot be guaranteed. This is especially 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 
settings becomes very close (< 1 %). Further tuning of the 
cutoff frequency down to the 1 to 1 0% range can be 
achieved by modifying the value of the external resistor 
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from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below : 



20.25x(l-F0x0.05) x i0Kohms > | Mnz 
[l+0.1xINT(N/2)] Rext J 



OUTPUT BUFFER 

The output buffer is the final stage of the ML6006 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1 .4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 



SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on faljjng edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). F0 should be 
shifted in first, and F13 (the power-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20m V. 



TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING VALUES IN MHZ 



F5 


F4 


F3 


F2 


F1 


N 


f c with 
F0 = 


N 


f c with 
F0 = 1 




















20.25 

























1 


19.24 














1 


2 


18.41 


















1 






3 


17.49 











1 





4 


16.88 















1 









5 


16.03 











1 


1 


6 


15.58 















1 


1 






7 


14.80 















8 


14.46 






















9 


13.74 











1 


10 


13.50 















1 






11 


12.83 








1 





12 


12.66 












1 









13 


12.02 








1 


1 


14 


11.91 












1 


1 






15 


11.32 






1 








16 


11.25 









1 












17 


10.69 











1 


18 


10.66 















1 






19 


10.13 








1 





20 


10.13 












1 


1 


22 


9.64 












1 









21 


9.62 





1 








24 


9.20 












1 


1 






23 


9.16 










1 


26 


8.80 





















25 


8.74 







1 





28 


8.44 














1 






27 


8.36 







1 


1 


30 


8.10 











1 









29 


8.02 







32 



7.79 



F5 F4 


F3 


F2 


F1 


N 


f c with 
F0 = 


N 


f c with 
F0 = 1 


1 


1 


1 


1 






31 


7.70 


1 








1 


34 


7.50 






1 















33 


7.40 


1 





1 





36 


7.23 






1 








1 






35 


7.12 


1 





1 


1 


38 


6.98 






1 





1 









37 


6.87 


1 


1 








40 


6.75 






1 





1 


1 






39 


6.63 


1 







1 


42 


6.53 






1 














41 


6.41 


1 




1 





44 


6.33 






1 







1 






43 


6.21 


1 




1 


1 


46 


6.14 






1 




1 









45 


6.01 


1 1 











48 


5.96 






1 


1 


1 


1 






47 


5.83 










1 


50 


5.79 





















49 


5.66 







1 





52 


5.63 














1 






51 


5.50 







1 


1 


54 


5.47 











1 









53 


5.34 




1 








56 


5.33 








1 












55 


5.20 




1 





1 


58 


5.19 








1 












57 


5.06 




1 


1 





60 


5.06 








1 





1 






59 


4.93 




1 


1 


1 


62 


4.94 








1 


1 









61 


4.81 




1 


1 


1 






63 


4.69 



N is the decimal value of the cutoff frequency bits (F5 - F0), in the control 
register 
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TIMING DIAGRAM 
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Figure 1 . 



CONTROL REGISTER DEFINITION 



F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 



FO 



AZ PD RW SLIMMING CONTROL 



FREQUENCY CONTROL 



AZ 


AutoZero 


1 = Autozero circuitry activated 
= Autozero circuitry inactive 


PD 


Power Down 


1 = Chip is in power down mode 
= Chip is fully powered up 


RW 


ReadAVrite 


1 = Write data mode 
= Read data mode 



APPLICATIONS 



0.0047uf 



0.0047UT 

<Hh— 



A SERIAL uPl/F K 



VIN 



VOL 




(8) (2) 

FILTER 

(20) 
VOH 

(19) 



0.0047uT 

rHH> 

£750Q 

>(RB1) 

0.0047uf 

rHH> 

£750Q 
>(RB1) 



. RLOAD 
(1000Q) 



0.0047^F 

— IH> 

*750fl 
►(RB2) 

0.0047uT 



, RLOAD 
(1000(2) 



£750Q 
>(RB2) 
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REF LEVEL /DIV 

25.000dB 5.000dB 

25.000dB 5.000dB 



MARKER 21 848 415.800Hz 
MAG(UDF) 9.61 7dB 
MARKER 21 848 415.800Hz 
MAG(D4) -3.166dB 



REF LEVEL /DIV 

15.000dB 5.000dB 

15.000dB 5.000dB 



MARKER 20 391 123.200Hz 
MAG(UDF) 9.380B 
MARKER 20 391 123.200Hz 
MAG(D4) -3.190dB 
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1M 
START 500 000.000Hz 



STOP 50 OOO.OOOHz 



1M 
START 500 OOO.OOOHz 



STOP 50 OOO.OOOHz 



Filter Response (Lowpass Output) 

Shown are the ML6006 filter response at three different 
cutoff frequency (f c ) settings. At each of the f c settings, the 
filter response is shown with no slimming and with full 
slimming activated. 



Filter Response (Lowpass and Bandpass Outputs) 

Shown are the ML6006 filter characteristic curves for the 
lowpass and bandpass outputs, with no slimming and full 
slimming activated. 



REF LEVEL /DIV 

31.000nSEC LOOOnSEC 
31.000nSEC LOOOnSEC 



MARKER 20 338 750.000Hz 
DELAY (UDF) 29.593nSEC 
MARKER 20 338 750.000Hz 
DELAY (UDF) 30.446nSEC 
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REF LEVEL /DIV 
-90.000deg 0.500deg 










MARKER 13 478 921.800Hz 
PHASE (UDF) -90.659deg 















































































































































































































































































































START 500 OOO.OOOHz 



STOP 30 OOO.OOOHz 



1M 
START 500 OOO.OOOHz 



STOP 50 OOO.OOOHz 



ML6006 Filter/Equalizer Group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (Vol) an d bandpass (Vqh) outputs, 
with no slimming activated (min) and full slimming 
activated (max). It can be seen that the group delay 
tracking between the lowpass and bandpass outputs is 
well within 1 ns. 



Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1° for a 
frequency range of 50 MHz to 1 MHz. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6005CR 


0°C to +70°C 


20-Pin SSOP (R20) 
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July 1992 
PRELIMINARY 

ML6010 



Integrated Disk Read Channel Processor 



GENERAL DESCRIPTION 

The ML6010 Integrated Disk Read Channel Processor, 
incorporates a pulse detector, two channel gated servo 
peak detectors, a data synchronizer, a partial frequency 
synthesizer, a (1 ,7) RLL encoder/decoder and write 
precompensation circuitry onto a single chip, providing a 
complete read channel solution for hard disk drive 
subsystems. The chip receives serial NRZ data from the 
disk controller, encodes the data into (1,7) RLL code with 
precompensation and writes to the disk. In the read mode 
it peak detects preamplified read pulses for both data and 
embedded servo information, resynchronizes the data, 
and decodes the (1 ,7) RLL data back to NRZ. The chip 
operates at data rates up to 36 Mbits/s with three levels of 
write precompensation, set with an external capacitor and 
a pulse detector with less than 1 ns of pulse pairing. The 
ML6010 supports constant density recording (CDR) 
applications with an onboard charge pump and VCO for 
the frequency synthesizer and requires an external phase 
detector and M & N dividers to realize a complete 
frequency synthesizer. It is set to interface directly to 
ML6005/6 family of BICMOS filter/equalizer chips with 
programmable cutoff frequency and pulse slimming 
(equalization) capability. 



FEATURES 

■ NRZ data rates up to 36 Mbits/s 

■ Single +5 volt power supply +/- 5% 

■ Operating power dissipation 700mW 

■ Industry standard pulse detector circuitry with less than 
1 ns pulse pairing 

■ Pattern — insensitive wide bandwidth AGC amplifier 

■ Two channel gated servo peak detectors for embedded 
servo recovery 

■ Industry standard fast acquisition PLL with zero phase 
start capability 

■ VCO/Charge pump has greater than 3:1 tuning range 

■ On-board frequency synthesizer charge pump and 
VCO for addressing ZBR applications 

■ Interface to industry standard channel filtering/ 
equalizer chips like ML6005/6 

■ Three level Write Data Precompensation support 

■ (1 ,7) RLL encoding/decoding support 

■ Available in a 52 pin QFP package 



BLOCK DIAGRAM 
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GENERAL DESCRIPTION (Continued) 

The ML6010 is fabricated in a BiCMOS process (4GHz 
npn f t ; 1 .5jji CMOS) and operates off of a single 5 volt 
supply. The ML6010 is based on a semi-standard tile array 
(FC3560) with built in uncommitted gain stages for the 
flexibility of user defined channel pulse detector and/or 
passive differentiator or matched delay applications and a 



digital gate array for adding user specific functions, thus 
allowing for customizable options of this feature set, 
based on the user requirements. Some examples are the 
optional servo demod outputs — unbuffered A,B,C,D, or 
buffered A, B and A-B outputs; a 2,7 RLL Endec instead of 
the 1 ,7 RLL Endec or maybe implement the M & N 
dividers instead of the Endec, digital glue, etc. 



PIN CONNECTION 



I s a i i i i 3 § 8 it 1 



PEAKB 1 T~ 


GATEB 


CZ3= 


PEAKA 1 r 


GATEA 


czrz 


DISCHG i r~ 


VCCDS 


cnz 


CVC01 


n~ 


CINT1 


l~T" 


POUT1 


r~T~ 


VCOIN1 


r~r~ 


GNDPLL I T" 


PUP 


cm 


PDN 


a= 



52 51 50 49 48 47 46 45 



o 



43 42 41 40 



52-Pin QFP 



.14 15 16 17 18 19 20 21 22 23 24 25 26, 

rmrmnwr 



39 ~T I IN+ 

38 

37 

36 

35 

34 

33 

32 

31 "I I CINT2 

30 

29 

28 

27 ~~l I CWPN 





Q Z 

5 § 

Q Z 



" S 

Z 



2 8 § ° 
2 



PIN DESCRIPTION 



PIN# 



NAME 



FUNCTION 



PIN# NAME 



FUNCTION 



PEAKB A capacitor or a capacitor in series 

with a resistor, connected between 
this pin and GNDA functions as 
a servo sample and hold for 
channel B. 

GATEB TTL input (active low). When this 
pin is forced TTL low, servo peak 
detector B is enabled. 

PEAKA A capacitor or a capacitor in 

series with a resistor, connected 
between this pin and GNDA 
functions as a servo sample and 
hold for channel A. 

GATEA TTL input (active low). When this 
pin is forced TTL low, servo peak 
detector A is enabled. 



DISCHG 



6 


VCCDS 


7 


CVCOI 


8 


CINT1 


9 


POUT1 


10 


VCOIN1 



TTL input (active high). When this 
pin is forced to a TTL high, both the 
servo peak detectors are discharged. 

Analog + 5 volt supply for data 
synchronizer related blocks. 

Capacitor between this pin and 
VCCDS sets up the VCO center 
frequency for the data synchronizer. 

Coarse input for data synchronizer 
loop filter time constant setting. 

Data synchronizer's charge pump 
output, drives the loop filter input. 

Data synchronizer's VCO control 
input, driven by the loop filter 
output. 
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PIN DESCRIPTION (Continued) 



PIN# 


NAME 


FUNCTION 


11 


GNDPLL 


Analog ground for data 
synchronizer and frequency 
synthesizer. 


12 


PUP 


Charge pump input for the 
frequency synthesizer (pump up). 


13 


PDN 


Charge pump input for the 
frequency synthesizer (pump 
down). 


14 


DGND 


Digital ground. 


15 


NRZIN 


NRZ write data input from disk 



PIN# NAME 



FUNCTION 



controller. This pin can be 
connected to the NRZOUT pin to 
form a single bi-directional NRZ 
port if desired. 

1 6 WCLK Write clock input synchronous with 

the NRZ Write data input. 

1 7 WD Write precompensated, active low 

(1,7) RLL encoded write data output 
to the read/write amplifier. 

1 8 NRZOUT NRZ read data output to the disk 

controller. This pin can be 
connected to the NRZIN pin to 
form a single bi-directional NRZ 
port if desired. 

1 9 RRC Read/Reference clock : a 

multiplexed clock source used by 
the disk controller. During mode 
change there will be no glitches on 
this line and no more than two lost 
clock pulses will occur. When Read 
Gate goes high, RRC synchronized 
to the NRZ read data will be 
available after 19 read data pulses. 

20 VCCD Digital VCC +5 volts. 

21 VCOCLK1 An open emitter ECL output for 

testing purposes. 

22 VCO/3 Divide by three output of the 

frequency synthesizer VCO clock 
output. 

23 DRD 1/3 cell delayed read data for 

testing purposes. 

24 RG Active high read gate input from the 

disk controller. This signal is used to 
select the PLL reference input. 

25 WG Active high write gate input from 

the disk controller. This signal is 
used to enable the write mode. 

26 CWPL RC network to setup the late delay 

time constant for write 
precompensation. 



27 CWPN 

28 CWPE 

29 TEST 

30 VCOIN2 

31 CINT2 

32 CVC02 

33 VCCFS 

34 CRWD 



35 HOLD 



36 LEVEL 



37 HYS 



38 IN- 

39 IN+ 



40 GNDA 



RC network to setup the normal 
delay time constant for write 
precompensation. 

RC network to setup the early delay 
time constant for write 
precompensation. 

Reserved for test purposes. Must be 
tied to DGND for normal operation. 

Fine input for the frequency 
synthesizer loop filter time constant 
setting. 

Coarse input for frequency 
synthesizer loop filter time constant 
setting. 

Capacitor between this pin and 
VCCA sets up the VCO center 
frequency for the frequency 
synthesizer PLL. 

Analog +5 volt supply for frequency 
synthesizer. 

Capacitor between this pin and 
GNDA determines the write to read 
(input clamp) delay time, e.g. a 
1 800 pF capacitor gives a delay 
time of 3 us typ. 

TTL input pin (active low). When 
this pin is forced low, all the 
charging and discharging pathes on 
the CAGC pin are disabled. The 
AGC amplifier now acts as a fixed 
gain amp. with the gain determined 
by the voltage on the CAGC pin. 

Emitter follower output, provides 
rectified signal level, which can be 
used through a resistor divider 
network as a dynamic hysteresis 
control signal to the hysteresis pin. 

The voltage applied to this pin 
determines the threshold level of 
the qualification channel. In a 
typical application, the signal on 
this pin is derived from the LEVEL 
pin. 

AGC amplifier differential input, 
AC coupled from the R/W amplifier. 
Signal range recommended 1 5 mV 
to 150 mVp-p differential. 

Analog ground. 
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PIN DESCRIPTION (Continued) 



PIN# 



NAME 



FUNCTION 



PIN# NAME 



FUNCTION 



41 
42 



43 



OUT- 
OUT+ 



AGCSET 



44 



45 

46 
47 



CAGC 



VCCA 

CH+ 
CH- 



AGC amplifier differential outputs, 
AC coupled to ML6005/ML6006 
filter chip. These pins have a 
current sink capability of 2 mA 
typical. 

Voltage on this pin sets up the peak 
to peak differential voltage at the 
CH+/CH- pins when the AGC 
amplifiers are settled. 

Vp-pdiff@CH+/CH- 

= 4 * (VAGCSET - VCCA/2) 

AGC loop capacitor to GNDA. 
Lead-Lag network may be used for 
different loop filter characteristics, if 
needed. 

Analog +5 volt supply for pulse 
detector and servo peak detector. 

Gating channel differential inputs to 
hysteresis comparator, AGC 
fullwave rectifier and two-channel 
servo peak detector. These are AC 
coupled from the lowpass output 



48 
49 



50 



51 



52 



DIF+ 
DIF- 



RD 



COS 



RDLY 



of the ML6005/ML6006 filter/ 
equalizer chip. Peak to Peak 
differential signal at these pins are 
determined by the DC voltage 
applied to the AGCSET pin. 

Time Channel zero crossing 
comparator differential inputs. 
These are AC coupled from the 
differentiated (bandpass) outputs of 
the ML600X filter/equalizer chip. 

Pulse detector raw read data output. 
This signal internally goes to the 1/3 
cell delay block enroute to the data 
synchronizer. This is an ECL output. 

The capacitor between this pin and 
the VCCA sets up the raw read data 
pulse width from the pulse detector 
section to the data synchronizer. 

Resistor between this pin and 
VCCDS sets the charging current in 
1/3 cell delay based on data rate 
range. 



ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (VCCD) -0.3 to +7 V 

TTL Output Voltage (Vout) 5.5 V 

TTL Input Voltage (Vin) 5.5 V 

Differential Input Voltage (Vd if) 3.0 or -3.0 V 

Analog Inputs -0.3 to VCCA + 0.3 V 

Storage Temperature (Tstg) -65 to +150 °C 

Maximum Junction Temperature (Tj-max) 125°C 



OPERATING CONDITIONS 

DC Supply Voltage (VCCD) 5 +/- 5% VDC 

DC Supply Voltage (VCCA) 5 +/- 5% VDC 

Operating Temperature Range to 70°C 



ELECTRICAL CHARACTERISTICS 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


AGC Amplifier and l/P Z-Clamp 


AGC 3dB bandwidth (Note 1) 


VCAGC = 2V, 
VIN(Diff) = 15mVp-p 




60 




MHz 


Maximum AGC gain 


VCAGC = 2V, 
VIN(Diff) = 15mVp-p 


100 


150 




V/V 


Minimum AGC gain 


VCAGC = 3.5 V, 
VIN(Diff) = 150mVp-p 




5 


10 


V/V 


AGC Control Range 






27 




dB 


AGC Control Sensitivity 






37 




dB/V 


Input Signal Range (Differential) 




15 




150 


mV 


Output Signal Swing (Differential) 


VCAGC = 2.0V, 
VIN(Diff) = +/-100mVp-p 




1.5 


2.5 


Vp-p 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


AGC Amplifier and l/P Z-Clamp (continued) 


Input Voltage Noise (Note 1) 


VIN = OV 




20 




nV/VHz 


Differential Input Resistance 


Read Mode Vin+ = 2.575V 
Vin- = 2.425 


4.5 


6.0 


7.5 


kohm 


Differential Input Resistance 


Write Mode Vin+ = 2.575V 
Vin- = 2.425 


200 


300 


400 


ohm 


Common Mode Rejection Ratio (Note 1 ) 


Vin+ = Vin- = 100mV 
VCAGC = 2V 




45 




dB 


AGC offset ( l/P referred ) 


VI N+ = VIN- = VCCA/2 
VCAGC = 2 V 


-4 




4 


mV 


Power supply Rejection Ratio 


VCCA = 5V + 100mVp-p 
VCAGC = 2V, 




45 




dB 


AGC output common mode bias 


VCCA = 5V, Vin+ = Vin- 




2.7 


3.0 


V 


AGC capacitor bias current 


VCAGC = 3.5 V 




1 


20 


HA 


AGC input offset voltage 


VCAGC=2 V, Vin+ = Vin- 






400 


mV 


AGC output sink current 


VCCA = 5V 


1 


2 


3 


mA 


AGC output resistance 


Measured on OUT+/OUT- 




40 




ohms 


CAGC voltage range 




2.2 




3.4 


V 


Clamp Off time delay (Note 1 ) 


Crwd=1800 pF, VCAGC=2.0V / 
Vin (diff)=5 mV 


2 


2.5 


3.0 


MS 


Clamp Propagation Delay R>W (Note 1 ) 


Crwd=1800 pF, VCAGC=2.0V, 
Vin (diff)=5 mV 




15 


100 


ns 


AGCVOSvsGain 


VCAGC=VCC/2 to VCC/2 + 0.25V 


-400 




400 


mV 


AGC Rectifier and Comparator 


Input signal range (Note 1) 








2.0 


Vp-P 


Input Bias voltage 




40 


50 


60 


%VCCA 


Input resistance (differential) 




3.75 


5 


6.25 


Kohms 


CAGC Output voltage 


@CAGC, Vin > VAGCSET 

RCAGC = 100K 

VAGCSET = VCCA/2 + 1 0OmV 




VCCA- .8 




V 


CAGC charge resistance 


Vin > VAGCSET 

VAGCSET = VCCA/2 + 1 0OmV 




300 




ohms 


CAGC clamped voltage (CAGCLMPV) 


Vin < VAGCSET 

VAGCSET = VCCA/2 + 1 0OmV 




2.2 




V 


AGCSET bias current 


VAGCSET = 2.5 V 




1.5 


10 


jiA 


CAGC Decay current 


Read , VCAGC=VCCA 




4.7 




jiA 


CAGC leak current 


Hold Mode 
VCAGC=CAGCLMPV + 0.4V 




0.03 


0.5 


uA 


Hold On & Hold Off time 








1 


U.S 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



MAX 



UNITS 



Zero Crossing Comparator 



Differential input signal range (Note 1) 








1.5 


Vp-p 


Differential input bias current 


@ VCCA/2 






20 


UA 


Diff comparator offset voltage 


HYS = OV 


-3.0 




+ 3.0 


mV 


Differentail input resistance 




4.5 


6.0 


7.5 


kohms 


Differential bias voltage 




40 


50 


60 


%VCCA 


Zero crossing comparator gain (Note 1) 






65 




dB 



Hysteresis Comparator 



HYS input signal range (Note 1) 








1.5 


Vp-p 


Peak Hysterisis vs HYS voltage 




0.44 


0.5 


0.56 


V 


HYS bias current 








20 


uA 


LEVEL pin max output current 




2 






mA 


LEVEL pin output resistance 






130 




ohms 



Internal and Pulse Qualification One-shot 



Internal one-shot ( tpw ) (Note 1 ) 






15 




ns 


Pulse Qualification one-shot ( tpw ) 


Cos = 47 pF 




35 




ns 


Pulse Detector raw data VOH 






VCCA-2Vbe 




V 


Pulse Detector raw data VOL 






VOH - 0.73 




V 


Pulse Pairing Vdiff=1 Vp-p diff @ 5 MHz 






0.5 


1.0 


ns 



Data Seperator PLL 



Phase Detector range 






+/-pi 




radians 


Charge pump gain 


V/l - VCOIN1 @DSVCC/2 




125 




uA 


Data Synch iVCO max 


CVC01 = 10pF> VCCDS 
RG = 1, WG = 0, 
VCINT1 = VCCDS - 1 
VVCOIN1 = VCCDS/2 


108 






MHz 


Data Synch VCO range 


CVC01 = 10pF> VCCDS 
RG = 1, WG = 0, 
VCINT1 =1Vto4.2V 


3:1 


4:1 






Data Synch VCO Course Gain 


CVC01 =10pF> VCCDS 
RG = 1, WG = 0, 
VCINT1 =2Vto2.5V 
VVCOIN1 = VCCDS/2 




300 




Mrad/s/V 


Data Sync VCO fine Gain 


CVC01 =10pF> VCCDS 
RG = 1,WG = 0, 
VCINT1 = VCCDS/2 
VVCOIN1 =2Vto3V 




TBD 




Mrad/s/V 


PLL jitter specifications 






0.7 




ns 



5-300 



MgL Micro Linear 



ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



Data Seperator PLL (continued) 



Frequency Synthesizer PLL 



Servo Peak Detector 



TTL compatible inputs and outputs 



ML6010 



MIN TYP. 



MAX 



UNITS 



Data sync window center offset 






1%Tw+/-2 




ns 


Maximum data rate (1,7 RLL) 


CVCOI = 10pF>VCCDS 
RG = 1,WG = 0, 




28 


36 


Mbits/s 



Charge pump gain 


V/l - VCOIN2 ©VCCFS/2 




125 




HA 


Freq Synthesizer fVCO max 


CVCO2 = 10pF> VCCFS 
RG = 0,WG = 1, 
VCINT2 = VCCFS -1 
VVCOIN2 = VCCFS/2 


108 






MHz 


Freq Synthesizer VCO range 


CVCO2 = 10pF> VCCFS 
VCINT2 = 1Vto4.2V 


3:1 


4:1 






Freq Synthesizer fine VCO gain 


CVCO2 = 10pF> VCCFS 
VVCOIN2 = 2Vto3V 




TBD 




Mrad/s/V 


Freq Synthesizer coarse VCO gain 


CVCO2 = 10pF> VCCFS 
VCINT2 = 2Vto2.5V 
VVCOIN2 = VCCFS/2 




300 




Mrad/s/V 



Input signal range (differential) (Note 1) 








1.5 


Vp-p 


Servo demod voltage gain 






2 




v/v 


Offset mismatch between two chnls 


Vin = 1 .5 Vp-p differential 


-20 




+20 


mV 


Output leakage current (ch disabled) 


GATEA/B=1, DISCHG=0 






10 


HA 


Servo demod discharge current 


R = 750 ohms 




650 




uA 



Miscellaneous 












Operating power dissipation 






750 


1000 


mW 


Write Precompensation time 


Cwpn=20pF, Cwpl=39pF 
fWCLK = 36 MHz 




2 




ns 


Write Precompensation time 


Cwpn=1 00pF, Cwpl=200pF 
fWCLK = 7.2 MHz 




20 




ns 



Input low voltage ( VIL ) 




-0.3 




0.8 


V 


Input high voltage ( VIH ) 




2.0 




VCC + 0.3 


V 


Input low current ( IIL ) 


VIL = 0.4V 






0.4 


mA 


Input high current ( IIH ) 


VIH = 2.7V 






100 


uA 


Output low voltage ( VOL ) 


IOL = 1 mA 






0.4 


V 


Output high voltage ( VOH ) 


IOH = -400 uA 


2.4 






V 



Note 1 : These parameters are guaranteed by design. They are not 1 00% tested and are not in outgoing quality level calculation. 
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FUNCTIONAL DESCRIPTION 

The ML6010 provides the integration of most of the 
functions associated with the implementation of disk read 
channel design up to 36 Mbits/s data rates. It incorporates 
a pulse detector, two gated servo peak detectors, a data 
seperator with fast acquisition capability, the charge pump 
and VCO functions for implementing a frequency 
synthesizer, write precompensation circuitry and a (1,7) 
RLL Endec. It is targeted at one/two platter 3 1/2" and high 
capacity 2 1/2" drives, where performance and capacity 
requirement take priority to power requirements, although 
the overall power requirements are much lower than 
earlier discrete block implementations. 

The Pulse Detector section includes a wide bandwidth 
differential amplifier with automatic gain control, a 
precision full wave rectifier, time channel and gate 
channel. User programmable equalization or pulse 
slimming, and CDR band selection is supported through 
an external filter chip (ML6006). The Pulse detector will 
support pulse pairing specifications less than +/- 1 ns. 

Two Gated Servo Peak Detectors are incorporated for 
recovery of embedded servo information. Optionally it 
can provide buffered (A,B and a position error signal — 
PES) low impedance outputs which represent the peak 
detected level of each servo burst. These voltages are 
suitable for digitizing by an A/D converter and processed 
by the controlling processor, for head positioning. 

The Data Synchronizer incorporates a fast acquisition 
phase lock loop with zero phase start capability and a 3:1 
tuning range. Precise decode window control is 



achievable using external components and the 1/3 cell 
delay automatically tunes to the synthesized frequency 
depending on the zone. The settling time is typically less 
than 2 u,s which is well within the requirements, e.g. for 
36 Mbps data rate with 8 bytes of 3T preamble, and 
1,7RLL code the minimum settling time required equals : 

1/36 * 2 * 8 * 8 = 3.55 lis 

The partial Frequency Synthesizer generates all necessary 
clocks for data encoding and synchronizer reference. The 
synthesizer requires external logic for the input divider (N) 
and feedback divider (M) programming and also uses an 
external loop filter, giving the user full control over the 
PLL's dynamics. 

The Endec employs the 2/3 (1 ,7) RLL code type and 
supports a hard sectored drive implementation. After the 
index/sector pulse has been detected, an internal counter 
counts negative transitions of the incoming read data 
looking for three consecutive "3T" pattern. Once detected 
the VCO lock process is established. The Write 
Precompensation circuitry, provides control of the normal, 
early and late settings. 

The ML6010 is fabricated in a BiCMOS process (4GHz 
npn f t ; 1 .5|i CMOS) and operates off of a single 5 volt 
supply and is based on the FC3560 semi-standard array. 
The tile array allows a number of configurable features to 
realize a ML6010 like read channel combo chip, with 
customized features and pinout. For more information on 
the configurable options contact the factory. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6010CG 


0°C to +70°C 


52-Pin QFP (G52) 
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3.5 M R/W MOD Read Channel Front-end Processor 



GENERAL DESCRIPTION 



FEATURES 



The ML6012 is a BiCMOS Read channel front-end 
processor IC which is one-half of the read channel chip- 
set from Micro Linear, intended for 3.5" Magneto-Optical 
disk drive (MOD) applications. It works in conjunction 
with the ML601 3 MOD read channel back-end processor 
to form a complete solution to support the ISO standards 
for the 1 28M and the 230M rewritable magneto-optical 
disk drive. The coupling capacitors between AGC/Filter/ 
Pulse detector are implemented on chip and the 
programmability of various options is achieved with on- 
board DACs, thus reducing the external component count 
significantly. 

The major functional blocks in this chip are : 

• Analog Mux for RO and MO selection 

• VGA (variable gain amplifier) 

• AGC control loop 

• Sector mark detector 

• Programmable VGA for sector mark detection 

• 6th order Filter/equalizer with 2nd differentiator 
for sector mark detection 

• Two corner frequency registers for changing 
between sector mark and data 

• DC restore and Data detector 

• Dropout detector (Retriggerable one-shot) 

• Bandgap reference 

• Timing and control logic 

• 3-Wire Serial Port Interface 

The ML601 2 will have a typical power dissipation of 
300mW in normal operating mode and less than 1 mW in 
the sleep mode. 



Supports ISO Standards for 128M and 230M R/W 
Magneto-Optical drive (MOD) 

Operating supply range 4.5V to 5.5V 

Typical power dissipation is 300mW 

Sleep mode power dissipation less than 1 mW 

Operates up to 24Mb/s NRZ data rate and supports 
(2, 7) RLL with a 48MHz code rate 

On-chip mux for RO & MO channel selection 

Wide bandwidth VGA amplifier 

Independent programmable level qualification for 
sector mark detection 

Independent programmable level qualification for 
Data detection 

On-chip DC restore circuit bandwidth tracks the filter 
bandwidth for reliable data detection and AGC 
operation. 

Programmable AGC attack and decay current 

6 pole, 2 zero equiripple filter with less than 40dB 
harmonic distortion 

Programmable filter cutoff frequency with separate 
registers for MO and RO inputs 
MO — Data mode (DSLIM = 0); 

f c = 4 to 14MHz in 32 steps 
RO — Sector mark mode (DSLIM = 1 ) 

f c = 2 to 6.84MHz in 1 6 steps 



SYSTEM BLOCK DIAGRAM 
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FEATURES (continued) 

■ Programmable asymmetric equalization with 8-bits 
(256 combinations of phase/frequency) and to 11dB 
boost capability at fc 



High speed (20MHz clock) three wire serial port 
interface with double buffered data 

External components minimized 

32-pin TQFP low profile package 



BLOCK DIAGRAM 
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PIN DESCRIPTION 



PIN NAME 



FUNCTION 



PIN NAME 



FUNCTION 



1 ROINP RO channel differential signal inputs. 
32 ROINN Signal dynamic range: 25mV to 

500m Vp.p differential. These two pins 
are internally biased at approximately 
VCCA- 2.8V. A positive level on 
ROINP corresponds to the "MARK." 
A positive peak on ROINP pin 
corresponds to "1." 

3 MOINP MO channel differential signal inputs. 

2 MOINN Signal dynamic range: 25mVto 

500mVp_p differential. These two pins 
are internally biased at approximately 
VCCA- 2.8V. A positive level on 
MOINP corresponds to the "MARK." 
A positive level on MOINP pin 
corresponds to "1." 

29 ROSEL RO channel and MO channel 
selection control input, CMOS 
compatible. When this pin goes low, 
the MO channel is selected as an input 
to the IC. When this pin goes high, the 
RO channel is selected. 

28 AGCP Differential VGA amplifier outputs 
26 AGCN (open emitter). Used as a test point for 
evaluation purposes. Leave these two 
pins open to reduce the power 
dissipation caused by the external bias 
resistors, or current sources. The 
output common-mode voltage is set at 
approximately VCCA- 2.7V. For better 
noise rejection, the signal should be 
observed differentially. If the signal is 
observed single ended, it should be 
referred to VCCA. 1 KQ resistors to 
ground may be used to bias these 
outputs. 

4 RFIL A 1 5KQ resistor between this pin 

and GNDA will set up the cut-off 
frequency (fc) of the filter. This 
resistor may be increased up to 50% 
to decrease the filter cut-off 
frequency (fc). 

5 DSLIM Slimming disable function control pin 

(CMOS compatible, active high). 
When this pin is forced to logic high, 
the equalizer/slimmer function is dis- 
abled, the SMARK output is enabled, 
and the fc of the filter can be program- 
med between 2 and 6.8MHz by the 
content of Register #3. When this pin 
is forced to logic low, the equalizer 
function is enabled, and can be pro- 
grammed with Register #1 and 
Register #2, the SMARK output is dis- 
abled and held to logic low, and the 



fc of the filter can be programmed 
between 4 and 14MHz, by the 
content of Register #0. It is required to 
set this pin to logic low during power 
up and while programing the control 
registers in order to reset the SMARK 
output. 

6 LPOUTP Differential LPF outputs from the filter 

7 LPOUTN (open emitter). Used as a test point for 

evaluation purposes. Leave these two 
pins open to reduce the power 
dissipation caused by the external bias 
resistors, or current sources. The 
output common-mode voltage is set at 
approximately 1 .5 volts above ground. 
For better noise rejection, the signal 
should be observed differentially. 
Single ended, 

it should be referred to GNDA. 750Q 
resistors to ground may be used to bias 
these outputs. 

23 BPOUTP 1 st differentiator output from the filter 
(open emitter). Used as a test point for 
evaluation purposes. Leave this pin 
open to reduce the power dissipation 
caused by external bias resistor, or 
current source. The output DC voltage 
is set at approx. (VCCA - 3V). For 
better noise rejection the signal should 
be observed with respect to VCCA. A 
750Q resistor may be used to bias this 
output. 

27 DCROUT Buffered DC restore output (open 
emitter). Used as a test point for 
evaluation purposes. Leave this pin 
open to reduce the extra power 
dissipation caused by the external bias 
resistor, or current source. The output 
voltage is set at approx. VCCA - 
1 .85V. For better noise rejection, the 
signal should be observed with respect 
to VCCA. A 1 or 2K£2 resistor to 
ground may be used to bias the output 
buffer. 

30 CAGC A capacitor between this pin and 
GNDA sets the AGC loop time 
constant. A lead-lag RC network may 
be used if necessary. For data rates 
from 1 2-24Mbps, a 1 0OOpF is 
recommended. For data rates lower 
than 1 2Mbps, the capacitor value 
should be increased. 
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PIN DESCRIPTION (Continued) 



PIN NAME 



FUNCTION 



24 SLEV A DC voltage applied to this pin sets 

the qualification level for the 
qualification comparator in the sector 
mark detector block. This pin can be 
tied to VROUT. 

1 7 CTO A capacitor between this pin and 

GNDA will set the time out period for 
the dropout detection circuit. 
(Recommended values are: 355pF for 
3600RPM 230MB, 265pF for 
4800RPM 230MB, and 250pF for 
5100RPM 230MB drives) The typical 
time is computed from t = 0.105 x 
R, NT x CTO. Riimt is 20K (±25%). 

21 DOUT Dropout detection circuit output 

(CMOS compatible). This pin goes 
high when no pulses are detected for a 
preset time interval (determined by 
CTO). This pin normally ties to the 
COAST pin in the ML6013 chip. 

20 RD Encoded read data output (ECL 

1 9 RDB outputs). The ML601 3 back-end 

processor recovers the clock by using 
this data stream and the Data 
synchronizer Phase Locked Loop (PLL) 
before sending it to the 1/2 (2, 7) RLL 
ENDEC for decoding. (Rising edge of 
RD represents the flux changes on the 
MO drive). If the ML6013 is not 
connected, 3.2KQ resistors to ground 
are needed to increase the bias current 
of these outputs. These outputs are 
reset and not active when RG is low. 
(Reset mode) 

22 SMARK Sector mark detector output (CMOS 

compatible). This pin goes high when 
a qualified "mark" is detected. 

25 VROUT Buffered Bandgap reference output 

(2.5V typical). The voltage for the 
SLEV pin can be derived from this 
reference. 



PIN NAME 



FUNCTION 



1 5 PDB Power down enable (CMOS 

compatible input, active low). This pin 
is set low to power down the chip. 
This pin is internally OR'd with bit 4 of 
control register #5. 

1 8 RG Read gate (CMOS compatible input, 

active high) from controller. This pin 
combines with the AGCMD pin in the 
"timing and control logic" section, to 
generate the different AGC modes of 
operation. When RG:0; the chip enters 
reset mode (RDlow, RDB:High) (VGA 
mode) and CAGC discharges to 
0.56Vco 

9 AGCMD AGC mode control input (CMOS 

compatible, active high). This pin is 
usually tied to the PLLGS pin in the 
ML6013. When AGCMDlow and 
RG:High the AGC is on; when 
AGCMD:High and RG:High; the AGC 
is in HOLD mode. 

1 3 SCLK This is a CMOS input which clocks the 

Control Register (falling edge 
triggered). Internally this pin is gated 
with the SENB signal. 

1 2 SDATA Control Register Data, CMOS input, 
clocked by SCLK. 

1 1 SENB Active low CMOS input — Control 

Register enable. A logic low input on 
this pin allows the SCLK input to clock 
the SDATA into the control register and 
the rising edge latches the control 
register contents internally (double 
buffered). 



8 


VCCA 


VCC for analog sections 


14 


VCCD 


VCC for digital sections 


10 


GNDA1 


Analog ground 


31 


GNDA2 


Analog ground 


16 


GNDD 


Digital ground 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged Absolute maximum ratings are stress ratings only and 
functional device operation is not implied. 

DC Supply Voltage (VCCA & VCCD) -0.3 to +7V 

Analog & Digital Inputs/Outputs -0.3 to VCCA + 0.3V 

Input Current per Pin -25 to +25mA 

Storage Temperature -65 to +1 50°C 

Maximum Junction Temperature 1 25°C 



RECOMMENDED OPERATING 
CONDITIONS 

DC Supply Voltage Range 4.5V to 5.5V 

Operating Temperature Range 0°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, VCCA = VCCD = 4.5 to 5.5 volts and T A = to 70°C (Note 1) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Dissipation 


VCCA/VCCD 




4.5 


5.0 


5.5 


V 


IVCCA 


Output unloaded 




60 


75 


mA 


IVCCD 


Output unloaded 




3.0 


3.5 


mA 


Sleep Mode Supply Current 


VCCA + VCCD 






100 


uA 


Digital I/O Specifications (Inputs are CMOS compatible while outputs are TTL compatible) 


High level input voltage 




VCCD - 0.5 




VCCD 


V 


Low level input voltage 








0.5 


V 


High level input current 


V| H = VCCD -0.1V 






10 


uA 


Low level input current 


V, L = 0.1V 






10 


uA 


High level output voltage 


Ioh = 400uA 


VCCD - 0.2 






V 


Low level output voltage 


Iql = 2mA 






0.4 


V 


Analog Mux for RO and MO Channel Selection 


Differential input swing 


RO and MO signals 


25 




500 


mVp.p 


Differential input resistance 




3.75 


5.0 


6.25 


m 


Input bias voltage 






VCCA -2.8 




V 


RO/MO select switching 








50 


ns 


Variable Gain Amplifier (VGA) 


Maximum gain (A Vmax) 


AGC mode 


1.8 


2 


2.2 


V/V 


Minimum gain (A Vmin) 


AGC mode 




0.04 


0.1 


v/v 


Maximum gain (A Vmax) 


Fixed gain mode 


5.0 


5.6 




V/V 


Minimum gain (A Vmin) 


Fixed gain mode 




0.05 


0.2 


V/V 


3dB bandwidth 


AGC mode 


50 


60 




MHz 


Gain control range 


AGC mode 


25 






dB 


AGC control sensitivity 






40 




dB/V 


LPout diff output swing 


Closed loop @ LPF output (ASL0:0 ASL1 :1) 


384 


480 


576 


mVp.p 


Total harmonic distortion 


25 mV to 500m Vp.p 






2 


% 


Equivalent input noise 


Fixed gain mode, minimum gain 
AGC mode, minimum gain 




90 
30 




nWRz" 
nWHz 


CMRR 


V, N = 300mV P .p diff @ 5.8MHz, 
input shorted together 




40 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Variable Gain Amplifier (VGA) (Continued) 


PSRR 


V| N = 300m Vp.p diff @ 1 MHz, 
input shorted together 




40 




dB 


AC coupling network 


Cutoff frequency 




8 


12 


KHz 


DC Restore Section 


Maximum bandwidth 


DCR bits 2-0 =100 




620 




KHz 


Minimum bandwidth 


DCR bits 2-0 = 100 




177 




KHz 


Maximum shift 


DCR bits 2-0 = 111 




1.6 






Minimum shift 


DCR bits 2-0 = 000 




0.2 






AGC Control Section (AGC Mode) 


CAGC clamp voltage (L) 




0.52 


0.65 


0.78 


V 


CAGC clamp voltage (H) 




2.2 


2.8 


3.4 


V 


Min CAGC normal 
attack current 


bitsATK1 / ATK0 = 00 


230 


300 


390 


uA 


Max CAGC normal 
attack current 


bitsATK1,ATK0=11 


925 


1200 


1560 


uA 


Min CAGC normal 
decay current 


bitsDKY1 / DKY0 = 00 


23 


30 


39 


uA 


Max CAGC normal 
decay current 


bitsDKY1 / DKY0 = 11 


92 


120 


156 


uA 


CAGC leak current 


RG = 1, AGCMD = 1 (Hold mode) 






50 


nA 


Sector Mark Detection Section 


SLEV DC voltage range 


(V to I converter) 




2.5 




V 


RMS jitter ±1 sigma 
Note 2 


f| N = 4.0MHz, f c = 5.5MHz 
DSLIM pin = 1 






5 


ns 


Qualification level 
comparator range 


V D AC = V M AXxk/16(k = 0-15) 






±15x 
Vmax/16 


V 


Qualification level 
comparator step 


Vmax = Vslev/80 




Vmax/16 




V 


Data Detection Section 


Zero crossing comparator 
resolution 






0.5 




mV 


RMS jitter ±1 sigma 
Note 2 


f, N = 16MHz,f c = 11.1MHz 
full slimming, ASL = 1,0 






365 


ps 


Qualification level 
comparator range 


V DAC = 750mV/16xK; 
K = 0to 15 (4-bit DAC) 







703.13 


mV 


Qualification level 
comparator step 






46.875 




mV 


Dropout one-shot time 


CTO = 355pF, t = 0.1 05 x R, NT x CTO 


520 


745.5 


970 


ns 


Read pulse one-shot 




15 


25 


40 


ns 


RD/RDB high (V OH ) 


Diff psuedo ECL output 




3.4 




V 


RD/RDB low (Vql) 


Diff Psuedo ECL output 




3.0 




V 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Lowpass Filter, First and Second Differentiator 


Data mode cutoff frequency 


DSLIM = low, f c (MHz) = 4 + (10 x n/31) 
where n = 0, 1, 2, ... 31 


4 




14 


MHz 


Sector mark cutoff frequency 


DSLIM = high, f c (MHz) = 2 + (5 x n/31) 
where n = 0, 2, 4, ... 30 


2 




6.84 


MHz 


Cutoff frequency accuracy 




-10 




+10 


% 


Slimming level accuracy 


Symmetric equalization 


-1 




+1 


dB 


Differential group delay 


4MHz<f c <14MHz 






±5 


% 


Second differentiator center 
frequency (fo) to main filter 
cutoff frequency (fq ratio 


Ratio of (fo/f c ) 




1 






Bandgap Reference 


Reference voltage out 


VRqut 


2.375 


2.5 


2.625 


V 


Driving capability 




2 






mA 


Serial Microprocessor Interface 


Serial clock (SCLK) frequency 




10 




20,000 


KHz 


SCLK duty cycle 




40 




60 


% 


SCLK pulse width 


tpw 


20 






ns 


SCLK to SDATA hold time 


tHSD 


10 






ns 


SDATA to SCLK setup time 


tsSD 


10 






ns 


SENB to SCLK setup time 


tsSEN 


10 






ns 


SCLK to SENB hold time 


tsSEN 






10 


ns 


SENB high time 




50 






ns 



Note 1 : Limits are guaranteed by 1 00% testing, sampling or correlation with worst case test conditions. 

Note 2: The ±1 sigma RMS jitter is one standard deviation of the distribution of the edge transistor time. The peak-to-peak is twice the value shown. 
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Figure 1 . Serial Port Timing Diagram 
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FUNCTIONAL DESCRIPTION 

INTRODUCTION 

The ML6012 is a BiCMOS Read channel front-end 
processor IC which is one half of the read channel chip 
set from Micro Linear, intended for 3.5" Magneto-Optical 
disk drive (MOD) applications. It is optimized to handle 
the front-end channel functions and works in conjunction 
with the ML601 3 MOD read channel back-end processor 
to form a complete solution to support the ISO standards 
for the 1 28M and the 230M rewritable magneto-optical 
disk drive. The coupling capacitors between AGC/Filter/ 
Pulse detector are implemented on-chip and the 
programmability of various options is achieved with on 
board DACs, thus reducing the external component count 
significantly. 

The pulse detector consists of the AGC amplifier with a 
full AGC loop, which works in conjunction with the 
programmable filter/equalizer circuitry. The AGC loop has 
three operation modes as tabulated below; 

MODE CONTROL 



RG 


AGCMD 


MODE 



1 
1 


X 


1 


RESET mode (VGA mode) 
AGC mode (AGC on) 
HOLD mode (CAGC held) 



Two different pulse detection schemes are employed to 
optimize the sector mark signal during RESET mode, and 
the data detector signal during the AGC and the HOLD 
modes independently. The entire pulse detector signal 
path is fully differential to minimize noise pick up from 
the power supply and external components, thereby 
increasing the signal-to-noise ratio. Also a design scheme 
is adopted to guarantee that any baseline noise 
superimposed on the signal be rejected, thereby 
preventing false triggering the internal flip-flop that may 
otherwise occur in the pulse detector. 

The ML601 2 is designed to offer lower power dissipation, 
higher level of integration and high level of 
programmability to minimize the number of external 
components, thus resulting in an optimized MOD read 
channel front-end. It outputs ECL a read data signal which 
is level compatible with the input to the companion chip 
ML6013, used for data separation and clock 
synchronization. Please refer to the block diagram of the 
ML6013 for the details. 

SECTOR MARK DETECTOR 

Sector mark detector uses the 1st and 2nd differentiated 
outputs from the filter/equalizer. The 1st differentiated 
signal is differentially compared in the qualification 
comparator with the qualification level programmable 
through control register #4. This ensures that only a data 
pulse of sufficient amplitude will be qualified as a correct 
signal and multiplied with the 2nd differentiated signal to 
generate the clock to the flip-flop and output the sector 
mark signal. 



Control register #3 can be used to program the cutoff 
frequency of the filter from 2MHz to 6.84MHz to optimize 
the dynamic range of the sector mark detector channel 
depending on the input signal amplitude. DSLIM pin can 
be used to gate the sector mark signal. If DSLIM is set to 
low, sector mark output is disabled and reset to CMOS 
logic low. Since the sector mark detector needs to operate 
only during the RESET mode, it is recommended to set the 
DSLIM pin to low except during RESET mode to prevent 
any noise injection due to switching of the CMOS output 
from the sector mark detector. Also, it is required to set the 
DSLIM pin to low during power-up to reset the sector 
mark. 

DATA DETECTOR 

The inputs to the data detector are the 1st differentiated 
signal from the filter/equalizer and the DC restored 
lowpass signal from the AGC control loop. Control register 
#0 can be used to program the cutoff frequency of the 
filter from 4MHz to 14MHz to optimize the dynamic 
range of the data detector channel. 

The DC restored signal is first compared differentially in 
the qualification comparator whose qualification level is 
programmable using the control register #5. This signal is 
then multiplied with the output of the zero crossing 
comparator from the 1 st differentiated signal. The 
multiplier output triggers the oneshot whose ECL output is 
the encoded read data output from ML6012. This output 
signal can be directly used as the input to the companion 
chip ML601 3 for data synchronization. This signal is also 
internally used as an input to the retriggerable oneshot to 
flag if no pulses are detected for a preset time interval. RG 
pin can be used to gate the data detector output. If it is set 
low, the chip is in RESET mode and the data detector 
output is disabled. (RDlow, RDB:High) 

AGC 

The AGC gets its differential input from the RO/MO mux. 
The input impedance of the mux enters a low impedance 
state during the intial period of AGC operation in order to 
avoid transients which may cause erratic AGC operation. 
The period consists of a 0.4jis fixed blanking portion, 
during which the CAGC voltage is held constant, and a 
variable portion that tracks with the inverse of the cutoff 
frequency of the filter (0.6|a,s for fc = 1 1 MHz and 48MHz 
code rate). From the end of the fixed to the end of the 
variable portion of this period the super attack and super 
decay currents are multiplied by a factor of two. The 0.4|is 
blanking period is necessary to allow the circuit to settle 
before the CAGC is allowed to change due to the charge 
pump. The cutoff frequency of the AC coupling network 
in the mux is set by the external coupling capacitor and 
the input impedance of the mux. The recommended value 
of the external capacitor is 8nF. In this case, the cutoff 
frequency is 12KHz during the RESET mode and 
approximately 1MHz during the AGC mode. The input 
signal range is 25mV to 500mV peak-to-peak differential. 
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The AGC amplifier is a two stage differential amplifier 
with high bandwidth. The first stage of the amplifier is a 
variable Gain Amplifier (VGA) whose gain is controlled by 
the control register #7 during the RESET mode and by the 
voltage on the CAGC pin during the AGC and the HOLD 
modes. The output of the AGC amplifier feeds into the 
filter/equalizer through internal AC coupling network 
whose time constant is adjusted to get optimal 
performance in the different modes. In RESET mode, the 
AC coupling cutoff frequency is set at 1 2KHz. In AGC 
mode, the cutoff frequency is set at around 1 MHz during 
the initial 1 jxs of the AGC to enter the fast mode and at 
around 1 20KHz for the rest of the AGC mode. 

The lowpass output from the filter/equalizer goes through 
1 2x amplifier and the DC restore circuitry where the DC 
level is clamped. This signal level is typically 480mV 
(ASLI = ASL2 = 0) and it is used in the comparator in AGC 
loop to generate the control voltage on the CAGC pin 
during AGC mode. The capacitor on the CAGC pin then 
gets charged or discharged depending on whether the 
signal is greater than or less than the preset reference 
voltage. The reference voltage is programmable from 
480mV to 840mV in 1 20mV step through the ASL bits in 
the control register #6. The charging and discharging 
current, also referred to as the attack and decay rates, are 
programmable through the D4 bit in control registers #1- 
4. Refer to the section Control Register for programming 
details. 

PROGRAMMABLE FILTER/EQUALIZER 

The programmable filter/equalizer circuit approximates a 
sixth-order, 0.05 Equiripple function which achieves a flat 
group delay up to twice the cutoff frequency (2fc). The 
filter is implemented by using gm/C integrators, and 
processes signals in a differential mode for greater noise 
immunity. Temperature stable cutoff frequencies are 
obtained. The filter architecture provides for smaller 
excess phase and power dissipation. It generates both a 
lowpass and bandpass (differentiated) output. The filter 
can be operated in two modes controlled by DSLIM pin. If 
DSLIM is set to high, the filter is operated in the data 
mode, and the cutoff (corner) frequency of the filter is 
controlled in the range 4-14MHz range by 5 bits stored in 
control register #0 (fcd4-0) to provide 32 combinations. A 
low input at the DSLIM pin sets the filter to be operated in 
the sector mark mode with corner frequency in the range 
of 2-6.838MHz, which is controlled by 4 bits stored in 
control register #3 (fcs4-1 ). The corner frequency of the 
filter is given by the following equations: 

f c = 4 + 15 x (1 6f c d4 + 8f c d3 + 4f c d2 + 2f c d1 + f c d0) 

(data mode) 
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f c = 2 + -i x (1 6f c s4 + 8f c s3 + 4f c s2 + 2f c s1) 



Two real zeroes of opposite polarity are introduced by two 
stages inserted between the first/second and the second/ 
third biquads. The zeroes can be adjusted independently 
so that it is possible to realize asymmetric equalization, if 
desired. The transfer function of the equalizer and 
equalization level is given by: 



Hs = 



<°0lA C0 02 



Where ©01, and ©02 are the corner frequencies of the first 
and the second biquads. k1 and k2 can be controlled 
independently by adjusting the bias currents in the 
slimmers. They are adjusted by changing the slimming 
control bits in control register #1 (ea3-0) and #2 (eb3-0), 
and their values are shown below: 



, _ k 1MAX (8ea3 + 4ea2 + 2ea1 + eaO) _ k 1MAX N 1 
1 ~ T5 " 15 ' 

_ k 1MAX (8eb3 + 4eb2 + 2eb1 + ebO) _ k 2MAX N 2 

— -— — 



15 



15 



Then the total slimming level SL(co) and the group delay 
G(co) of the equalizer as a function of frequency are 



SL(co) = 10log 



G(o)) = 



1 + 



JM,© 



15co n 



1 , [ k i N i°> 



+ 10log 



*2MAX 



1 + 



y N 9 © 



15co n 



u 02 



1 + 



k 2 N 2 co 



The maximum slimming level, which is designed to be 
1 1 dB at the corner frequency of the filter, is determined by 



k = k„ 



"02 



The normalized corner frequencies and the quality factors 
of the sixth-order equiripple filter are: 

©01 = 0-981 , ©02 = 2.074, 0) 3 = 1 .47 

Qt =0.551, Q 2 = 1.686, Q 3 = 0.893 

kiMAX and k 2 MAX are designed to be 1 .566 and 3.311 to 
achieve 1 1 dB maximum slimming at the corner frequency 
of the filter. 

The slimming function is disabled in the sector mark 
mode. 



(sector mark mode) 
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SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. Data is serially clocked into the 
ML601 2 on the SDATA at the falling edges of the serial 
shift clock, SCLK, provided the SENB pin is active (low). 
The data is shifted in blocks of eight bits with MSBit first. 
The internal registers are organized in blocks of eight bits, 
with the three most significant bits denoting the address, 
followed by the five data bits. This addressing scheme 
allows for a register bank of eight registers. When the chip 
is physically powered-up, the control registers come up in 
an undetermined state and hence they need to be 
initialized to some preset bit configuration so that the 
behavior of the chip is predictable. The control registers 
retain their programmed information in any of the power- 
down modes, until the chip is physically powered-down. 
When the SENB pin goes inactive (high), the SDATA and 
SCLK pins are ignored and the previously shifted 
information is latched on the rising edge of the SENB, into 
the appropriate register bank based on the address bits. It 
is recommended that the SCLK input be kept inactive low 
till such time when it is in use. The SCLK input is capable 
of handling speeds up to 20MHz. 

CONTROL REGISTER DEFINITIONS 

The control register bank consists of eight registers with 
addresses from through 7. On power-up the state of the 
control register bits is not predictable and hence the 
desired state needs to be set. It is required that the DSLIM 
pin be set low during power-up. Outlined below are the 
detailed bit-by-bit definitions of the control registers. 



CONTROL REGISTER #0 

Data Filter Cutoff frequency control 

MSB 





A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 















f c d4 


f c d3 


f c d2 I f c d1 


f C d<> 
















f c d4 


f c d3 


f c d2 


f c d1 


f c d0 f c d (MHz) 














4.000 














1 4.323 











1 


4.645 











1 


1 4.968 








1 





5.290 








1 





1 5.613 








1 


1 


5.935 








1 


1 


1 6.258 













6.581 













1 6.903 










1 


7.226 










1 


1 7.548 







1 





7.871 







1 





1 8.194 







1 


1 


8.516 







1 


1 


1 8.839 













9.161 













1 9.484 










1 


9.806 










1 


1 10.129 







1 





10.452 







1 





1 10.774 







1 


1 


1 1 .097 







1 


1 


1 11.419 












1 1 .742 












1 12.065 









1 


12.387 









1 


1 12.710 






1 





13.032 






1 





1 13.355 






1 


1 


13.677 






1 


1 


1 14.000 



Note: DSLIM pin is LOW. 
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CONTROL REGISTER #1 

Asymmetric equalization — Zero A & AGC 



CONTROL REGISTER #4 

AGC & Sector Mark Qualification level control 



MSB 



MSB 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 








1 


atk! 


ea3 


ea2 


ea1 


eaO 



Note: Refer Asymmetric equalization tables attached. 

CONTROL REGISTER #2 

Asymmetric equalization — Zero B & AGC 

MSB 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 





1 





atkO 


eb3 


eb2 


eb1 


ebO 



AGC ATTACK CURRENT 


atkl 


atkO 


NORMAL 


SUPER 








300nA 


600mA 





1 


600nA 


1200mA 


1 





900mA 


1800mA 


1 


1 


1200liA 


2400mA 





A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 






1 








dkyO 


shy3 


shy2 


shyl 


shyO 
















AGC DECAY CURRENT 


dkyl 


dkyO 




NORMAL SUPER 










30mA 60liA 





1 




60mA 120mA 


1 







90mA 180mA 


1 


1 




120mA 240mA 



shy3 . . . shyO — Sector Mark qualification level control. 
These 4-bits program the sector mark qualification level 
with a 4-bit DAC whose reference is the voltage at the 
SLEV pin. DSLIM pin needs to be set low before 
programming this register in order to avoid false 
qualification at sector mark detector. 

CONTROL REGISTER #5 

Data Detector Qualification level control 



CONTROL REGISTER #3 

Sector mark Filter Cutoff frequency control 

MSB 



MSB 





A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 









1 


1 


dkyl 


fsm3 


fsm2 


fsml 


fsmO 




















fsm3 


fsm2 fsml 


f 


»m0 


fc 


sm (MHz) 















2.00 










1 




2.32 





1 









2.65 





1 




1 




2.97 





1 









3.29 





1 




1 




3.61 





1 1 









3.94 





1 1 




1 




4.26 














4.58 









1 




4.90 




1 









5.23 




1 




1 




5.55 




1 









5.87 




1 




1 




6.19 




1 1 









6.52 




1 1 




1 




6.84 





A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 






1 





1 


pdwn 


dhy3 dhy2 dhyl 


dhyO 












PDBPIN PDWNBIT 


DESCRIPTION 


X 


Chip powered-down, Pd < 1 mW 


X 


Chip powered-down, Pd < 1 mW 


1 1 


Normal operation, Pd < 350mW 



dhy3 . . . dhyO — Data Detection Qualification level 
control. These 4-bits program the data detector 
qualification level with a 4-bit DAC. 



Note: DSLIM pin is HIGH. 
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CONTROL REGISTER #6 

AGC & DC Restore level control 



CONTROL REGISTER #7 

AGC Fixed Gain Control 



MSB 



MSB 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 


1 





ash 


aslO 


dcr2 


dcr! 


dcrO 



ash, aslO — AGC set level control bits allow the 
optimization of the internal dynamic range between 3T 
and 8T frequency levels, which affects the data detectors 
performance. The optimum setting depends upon the fc 
setting, the slimming level and the input signal resolution 
(ratio of 3T frequency to 8T frequency). A setting of (00) 
sets the lowest internal signal amplitude while a setting of 
(11) sets the largest. For a 20% resolution the (00) setting is 
recommended with f^ = 2/3i^j and full slimming. 

dcr2 . . . dcrl — DC restore discharge current control to set 
the bandwidth of the DC restore circuitry. The DC restore 
discharge current which sets the bandwidth of the DC 
restore circuit, tracks the filter cutoff frequency set by the 
fed bits. In addition, the dcr bits provide an extra 
adjustment around this value, as shown in the table 
below. The range is from 0.2 to 1 .6 times the internally set 
bandwidth. 



dcr2 


dcrl 


dcrO 


dcr BW SHIFT 











0.2 








1 


0.4 





1 





0.6 





1 


1 


0.8 


1 








1.0 


1 





1 


1.2 


1 


1 





1.4 


1 


1 


1 


1.6 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 


1 


1 


1 


vga4 


vga3 


vga2 


vga! 


vgaO 



Programs the gain of the AGC amplifier in the reset mode 
(RG = 0) 



vga4 


vga3 


vga2 


vgal 


vgaO 


GAIN 

















5.86 














1 


5.54 











1 





5.15 











1 


1 


4.78 








1 








4.44 








1 





1 


4.13 








1 


1 





3.85 









1 


1 


1 


3.58 
















3.33 













1 


3.10 










1 





2.88 










1 


1 


2.67 







1 








2.48 







1 





1 


2.29 







1 


1 





2.12 







1 


1 


1 


1.95 
















1.79 













1 


1.64 










1 





1.50 










1 


1 


1.36 







1 








1.23 







1 





1 


1.10 







1 


1 





0.98 







1 


1 


1 


0.86 















0.75 












1 


0.64 









1 





0.54 









1 


1 


0.43 






1 








0.34 






1 





1 


0.24 






1 


1 





0.15 






1 


1 


1 


0.06 
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FILTER GROUP DELAY AND SLIMMING LEVEL 

AS A FUNCTION OF N1 (EAn bits, Reg1) AND N2 (EBn bits, Reg2) 



N1 


N2 


Gdf c 
(ns MHz) 


SL 

(dB) 








0.000 


0.000 





1 


0.191 


0.049 





2 


1.479 


0.193 





3 


4.735 


0.424 





4 


10.467 


0.727 





5 


18.813 


1.088 





6 


29.620 


1.492 





7 


42.568 


1.925 





8 


57.264 


2.377 





9 


73.324 


2.838 





10 


90.408 


3.301 





11 


108.233 


3.761 





12 


126.575 


4.215 





13 


145.264 


4.660 





14 


164.173 


5.094 





15 


183.207 


5.516 







-0.191 


0.049 




1 


0.000 


0.098 




2 


1.288 


0.243 




3 


4.544 


0.473 




4 


10.276 


0.776 




5 


18.621 


1.137 




6 


29.429 


1.541 




7 


42.376 


1.974 




8 


57.073 


2.426 




9 


73.133 


2.887 




10 


90.217 


3.350 




11 


108.041 


3.811 




12 


126.384 


4.264 




13 


145.073 


4.709 




14 


163.982 


5.143 




15 


183.016 


5.566 


2 





-1 .479 


0.193 


2 


1 


-1 .288 


0.243 


2 


2 


0.000 


0.387 


2 


3 


3.256 


0.617 


2 


4 


8.988 


0.920 


2 


5 


17.333 


1.281 


2 


6 


28.141 


1.685 


2 


7 


41 .088 


2.119 


2 


8 


55.785 


2.570 


2 


9 


71 .845 


3.031 


2 


10 


88.929 


3.494 


2 


11 


106.753 


3.955 


2 


12 


125.096 


4.408 


2 


13 


143.785 


4.853 


2 


14 


162.694 


5.287 


2 


15 


181.728 


5.710 



N1 


N2 


Gdf c 
(ns MHz) 


SL 
(dB) 


3 





-4.735 


0.424 


3 


1 


-4.544 


0.473 


3 


2 


-3.256 


0.617 


3 


3 


0.000 


0.847 


3 


4 


5.732 


1.150 


3 


5 


14.078 


1.511 


3 


6 


24.886 


1.915 


3 


7 


34.833 


2.349 


3 


8 


52.529 


2.801 


3 


9 


68.589 


3.262 


3 


10 


85.673 


3.725 


3 


11 


103.498 


4.185 


3 


12 


121.840 


4.639 


3 


13 


140.529 


5.083 


3 


14 


159.438 


5.518 


3 


15 


1 78.472 


5.940 


4 





-10.467 


0.727 


4 


1 


-10.276 


0.776 


4 


2 


-8.988 


0.920 


4 


3 


-5.737 


1.150 


4 


4 


0.000 


1.454 


4 


5 


8.346 


1.815 


4 


6 


19.154 


2.219 


4 


7 


32.101 


2.652 


4 


8 


46.797 


3.104 


4 


9 


62.857 


3.565 


4 


10 


79.941 


4.028 


4 


11 


97.766 


4.488 


4 


12 


116.108 


4.942 


4 


13 


134.798 


5.387 


4 


14 


153.706 


5.821 


4 


15 


172.740 


6.243 


5 





-18.813 


1.088 


5 


1 


-18.621 


1.37 


5 


2 


-17.333 


1.281 


5 


3 


-14.078 


1.511 


5 


4 


-8.346 


1.815 


5 


5 


0.000 


2.176 


5 


6 


10.808 


2.580 


5 


7 


23.755 


3.013 


5 


8 


38.451 


3.465 


5 


9 


54.512 


3.926 


5 


10 


71.595 


4.389 


5 


11 


89.420 


4.849 


5 


12 


107.762 


5.303 


5 


13 


126.452 


5.748 


5 


14 


145.360 


6.182 


5 


15 


164.394 


6.604 



N1 


N2 


Gdf c 
(ns MHz) 


SL 
(dB) 


6 





-29.620 


1.492 


6 


1 


-29.429 


1.541 


6 


2 


-28.141 


1.685 


6 


3 


-24.886 


1.915 


6 


4 


-19.154 


2.219 


6 


5 


-10.808 


2.580 


6 


6 


0.000 


2.983 


6 


7 


12.947 


3.417 


6 


8 


27.643 


3.869 


6 


9 


43.704 


4.330 


6 


10 


60.787 


4.793 


6 


11 


78.612 


5.253 


6 


12 


96.955 


5.707 


6 


13 


115.644 


6.152 


6 


14 


134.552 


6.586 


6 


15 


153.586 


7.008 


7 





-42.568 


1.925 


7 


1 


-42.376 


1.974 


7 


2 


-41 .088 


2.119 


7 


3 


-37.833 


2.349 


7 


4 


-32.101 


2.652 


7 


5 


-23.755 


3.013 


7 


6 


-12.947 


3.417 


7 


7 


0.000 


3.851 


7 


8 


14.696 


4.302 


7 


9 


30.757 


4.763 


7 


10 


47.840 


5.226 


7 


11 


65.665 


5.687 


7 


12 


84.007 


6.140 


7 


13 


102.697 


6.585 


7 


14 


121.605 


7.019 


7 


15 


140.639 


7.442 


8 





-57.264 


2.377 


8 


1 


-57.073 


2.426 


8 


2 


-55.785 


2.570 


8 


3 


-52.529 


2.801 


8 


4 


-46.797 


3.104 


8 


5 


-38.451 


3.465 


8 


6 


-27.643 


3.869 


8 


7 


-14.696 


4.302 


8 


8 


0.000 


4.754 


8 


9 


16.060 


5.215 


8 


10 


33.144 


5.678 


8 


11 


50.969 


6.138 


8 


12 


69.311 


6.592 


8 


13 


88.001 


7.037 


8 


14 


106.909 


7.471 


8 


15 


125.943 


7.893 , 
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FILTER GROUP DELAY AND SLIMMING LEVEL 

AS A FUNCTION OF N1 (EAn bits, Reg1) AND N2 (EBn bits, Reg2) (Continued) 



N1 


N2 


Gdf c 
(ns MHz) 


SL 
(dB) 


9 





-73.324 


2.838 


9 


1 


-73.133 


2.887 


9 


2 


-71 .845 


3.031 


9 


3 


-68.589 


3.262 


9 


4 


-62.857 


3.565 


9 


5 


-54.512 


3.926 


9 


6 


-43.704 


4.330 


9 


7 


-30.757 


4.763 


9 


8 


-16.060 


5.215 


9 


9 


0.000 


5.676 


9 


10 


17.084 


6.139 


9 


11 


34.908 


6.599 


9 


12 


53.251 


7.053 


9 


13 


71 .940 


7.498 


9 


14 


90.849 


7.932 


9 


15 


109.883 


8.354 


10 





-90.408 


3.301 


10 


1 


-90.217 


3.350 


10 


2 


-88.929 


3.494 


10 


3 


-85.673 


3.725 


10 


4 


-79.941 


4.028 


10 


5 


-71.595 


4.389 


10 


6 


-60.787 


4.793 


10 


7 


-47.840 


5.226 


10 


8 


-33.144 


5.678 


10 


9 


-1 7.084 


6.139 


10 


10 


0.000 


6.602 


10 


11 


1 7.825 


7.062 


10 


12 


36.167 


7.516 


10 


13 


54.856 


7.961 


10 


14 


73.765 


8.395 



10 


15 


92.799 


8.818 


11 





-108.233 


3.761 


11 


1 


-108.041 


3.811 


11 


2 


-106.753 


3.955 


11 


3 


-103.498 


4.185 


11 


4 


-97.766 


4.488 


11 


5 


-89.420 


4.849 


11 


6 


-78.612 


5.253 


11 


7 


-65.665 


5.687 


11 


8 


-50.969 


6.138 


11 


9 


-34.908 


6.599 


11 


10 


-17.825 


7.062 


11 


11 


0.000 


7.523 


11 


12 


18.342 


7.976 


11 


13 


37.032 


8.421 


11 


14 


55.940 


8.855 


11 


15 


74.974 


9.278 



N1 


N2 


Gdf c 
(ns MHz) 


SL 
(dB) 


12 





-126.575 


4.215 


12 


1 


-126.384 


4.264 


12 


2 


-125.096 


4.408 


12 


3 


-121.840 


4.639 


12 


4 


-116.108 


4.942 


12 


5 


-107.762 


5.303 


12 


6 


-96.955 


5.707 


12 


7 


-84.007 


6.140 


12 


8 


-69.311 


6.592 


12 


9 


-53.251 


7.053 


12 


10 


-36.167 


7.516 


12 


11 


-18.342 


7.976 


12 


12 


0.000 


8.430 


12 


13 


18.689 


8.875 


12 


14 


37.598 


9.309 


12 


15 


56.632 


9.732 


13 





-145.264 


4.660 


13 


1 


-145.073 


4.709 


13 


2 


-143.785 


4.853 


13 


3 


-140.529 


5.083 


13 


4 


-134.798 


5.387 


13 


5 


-126.452 


5.748 


13 


6 


-115.644 


6.152 


13 


7 


-102.697 


6.585 


13 


8 


-88.001 


7.037 


13 


9 


-71 .940 


7.498 


13 


10 


-54.856 


7.961 


13 


11 


-37.032 


8.421 


13 


12 


-18.687 


8.875 


13 


13 


0.000 


9.320 


13 


14 


18.909 


9.754 


13 


15 


37.943 


10.176 


14 





-164.173 


5.094 


14 


1 


-163.982 


5.143 


14 


2 


-162.694 


5.287 


14 


3 


-159.438 


5.518 


14 


4 


-153.706 


5.821 


14 


5 


-145.360 


6.182 


14 


6 


-134.552 


6.586 


14 


7 


-121.605 


7.019 


14 


8 


-106.909 


7.471 


14 


9 


-90.849 


7.932 


14 


10 


-73.765 


8.395 


14 


11 


-55.940 


8.855 


14 


12 


-37.598 


9.309 


14 


13 


-18.909 


9.754 


14 


14 


0.000 


10.188 


14 


15 


19.034 


10.610 



N1 


N2 


Gdf c 
(ns MHz) 


SL 
(dB) 


15 





-183.206 


5.516 


15 


1 


-183.016 


5.566 


15 


2 


-181.728 


5.710 


15 


3 


-178.472 


5.940 


15 


4 


-172.740 


6.243 


15 


5 


-164.394 


6.604 


15 


6 


-153.586 


7.008 


15 


7 


-140.639 


7.442 


15 


8 


-125.943 


7.893 


15 


9 


-109.883 


8.354 


15 


10 


-92.799 


8.818 


15 


11 


-74.974 


9.278 


15 


12 


-56.632 


9.732 


15 


13 


-37.943 


10.176 


15 


14 


-19.034 


10.610 


15 


15 


0.000 


1 1 .033 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6012CH 


0°C to +70°C 


32-Pin TQFP (H32) 



5-316 



tf^, Micro Linear 



m^ Micro Linear 



October 1994 
PRELIMINARY 

ML6013 



3.5" R/W MOD Read Channel Back-end Processor 



GENERAL DESCRIPTION 

The ML601 3 is a Read Channel Back-end processor for 
3.5" Rewritable Magneto-Optical drives (MOD). It works 
in conjunction with the ML6012 Read Channel Front-end 
chip to form a complete integrated Read Channel solution 
for 1 28M and 230M MOD drives supporting the ISO 
standards. It incorporates a full function data synchronizer 
with a 3:1 operating range, a full function frequency 
synthesizer with onboard M & N dividers. The most 
critical blocks on this chip are the 
three VCOs, one for the data synchronizer PLL, one for 
the frequency synthesizer PLL and the third VCO is used 
to generate the tracking 1/4 cell delay for (2, 7) RLL data 
synchronization. Careful design considerations have been 
incorporated to minimize the noise coupling and crosstalk 
among the VCOs. The system noise is highly minimized 
as the VCO operates at only 2X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and a 
bank of internal control registers. The center frequency of 
the VCO, window centering, M & N dividers and power 
management options are programmable. 

The ML601 3 has a typical power dissipation of 350mW in 
normal mode, and less than 1 mW in power down mode. 
The ML601 3 has four levels of power management 
control for maximum flexibility. 



FEATURES 

■ Supports ISO standards for 1 28M and 230M 
R/W Magneto-Optical Drive (MOD) 

■ Operating supply range 4.5V to 5.5V 

■ Typical power dissipation is 300mW 

■ Sleep mode power dissipation less than 1 mW 

■ Low profile, small area, 32-pin TQFP package 

■ 3:1 NRZ data rate range — 8 to 24 Mbits/s 

■ Fast acquisition PLL with zero phase start capability 

■ 3:1 VCO tuning range with 48 Mbits/s 2, 7RLL code rate 

■ Tracking 1/4 cell delay for handling 2, 7 RLL data 

■ Programmable VCO center frequency and window 
centering adjustment (±25% in steps of 1 .6% ) 

■ PLL based frequency synthesizer with reference crystal 
oscillator and M (7-bit) & N (7-bit) dividers 

■ High speed ( 20MHz) three wire serial microprocessor 
interface with double buffered data latches 

■ Four levels of programmable power management 
control with external power down pin support 

■ CMOS, TTL compatible I/O interface for lower power 

■ Controls provided for manual operation of PLL for 
recovery from defects 
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PIN DESCRIPTION 



PIN NAME 



FUNCTION 



PIN NAME 



FUNCTION 



ECL Level Logic Inputs 

5 RD Encoded read data from the ML601 2 

MOD drive read channel front-end 
processor. The rising edges of RD 
represent the flux changes on the 
media, (differential "+" input) 

6 RDB Encoded read data from the ML601 2 

MOD drive read channel front-end 
processor. The falling edges of RDB 
represent the flux changes on the 
media, (differential "-" input) 

ECL Level Logic Outputs 

(Note: These are test outputs for characterization purposes. External current 
sources are necessary to provide driving capability for these signals and the ECL 
buffer needs to be enabled from Control Register #7) 

25 VC02CLK Test point for Data separator VCO 

clock output. 

26 DRDB Delayed read data output after the 

1/4 cell delay. This signal is used 
for 1/4 cell delay characterization 
and window margin test. The rising 
edge is phase compared with the 
rising edge of VC02CLK. 



CMOS Level Logic Inputs 

7 RG Read Gate signal from the disk 

controller. Active high signal indicates 
read mode. This input selects the 
phase detector input, switches the 
RRC output, initiates the data separator 
PLL acquisition. 

12 XTAL A parallel resonant crystal with low 

parasitic capacitance is connected 
between this pin and ground as the 
master clock source. An external clock 
can be used as an alternative. 

1 5 PDNB Power Down Control. A low level 

input on this pin puts the chip in the 
power down (SLEEP) mode. 

29 PLLGS PLL gain select. A high level on this 

pin places the PLL in low-gain mode. 
A low places the PLL in high-gain 
mode. 

30 COAST A high level on this pin disables the 

phase detector/charge pump of the 
data separator PLL and allows the 
VCO to coast. 



CMOS Level Logic Inputs (continued) 

9 



SENB 



10 SCLK 



11 



SDATA 



Control Register Enable. Active low 
CMOS input. A logic low input on this 
pin allows the SCLK input to clock the 
SDATA into the control Register and a 
logic high on this input latches the 
control register contents. 

This is a CMOS input which clocks the 
Control Regist er. Inte rnally this pin is 
gated with the SENB signal. While 
SENB is low, address and programming 
data are clocked in on the falling 
edges of SCLK. 

Control Register Data, CMOS input, 
clocked by SCLK. 



CMOS Level Logic Outputs 

1 9 2FCLK 2X clock output from the frequency 



20 



LFLDB 



22 SYNDAT 



23 SYNCLK 



Analog Pins 

3 RVCO 



RPUMP 



17 



VCOIN1 



27 VCOIN2 



synthesizer. 

Loss of Phase/Frequency lock 
detected. This pin outputs a low level 
signal when the data separator VCO is 
out of lock or the incoming read data 
(RD) is missing for a predetermined 
number of clock (2FCLK) cycles. 

This is the synchronized and encoded 
data from the MOD drive. Data is 
clocked out on the falling edges of 
SYNCLK. 

Data synchronized clock. This pin 
outputs 2X (code rate) clock derived 
from the data separator VCO clock. In 
the read mode this is the recovered 
clock from the encoded read data. 



A 1% resistor connected between this 
pin and GNDA3 sets the VCO center 
frequency which is then programmed 
via register #3. 

1 % resistor connected between this pin 
and GNDA3 sets the nominal charge 
pump current. 

Frequency synthesizer PLL charge 
pump output and VCO input pin. A 
lowpass filter is connected between 
this pin and GNDA1. 

Data separator PLL charge pump 
output and VCO input pin. A lowpass 
filter is connected between this pin 
and GNDA2. 



3^ Micro Linear 



5-319 



ML6013 

PIN DESCRIPTION 



PIN NAME 



FUNCTION 



Power Supplies 

13 VCCD1 5V digital supply 

1 4 VCCA1 5 V analog supply for frequency 

synthesizer. 

21 VCCD2 5 V digital supply 

31 VCCD3 5 V digital supply 

32 VCCA2 5V analog supply for data separator. 



PIN NAME 



FUNCTION 



Power Supplies (continued) 

1 VCCA3 5V analog supply for miscellaneous 
functions. 

4 GNDA3 Analog ground for miscellaneous 
functions 



8 


GNDD1 


Digital Ground 


16 


GNDA1 


Analog ground for frequency 
synthesizer 


18 


GNDD2 


Digital Ground 


28 


GNDA2 


Analog ground for data separator 



TYPICAL EXTERNAL COMPONENTS 



>7.5I 



VCCA3 DC 

- RPUMP EC 

— RVCO CE 
CNDA3 CE 

CE 
EE 
RG EE 
GNDD1 EE 



VjrNlSAJ 

>8.66K RD 
I RDB 



o o i a 3 < 

u u O i Z { 

> > o t o ; 

RHRRRRHR 



28pF! 



2.4KQ 
- E 417pF 

LOOP FILTER 2 



32 31 30 29 28 27 26 25 



ML6013 

32 TQFP 
7mm x 7mm x 1mm 



9 10 11 12 13 14 15 16 



I 3 I 1 § § II 1 



ID GNDD3 
13 SYNCLK 
3D SYNDAT 
3D VCCD2 
J3 LFLDB 
I] 2FCLK 
Id GNDD2 
ID VCOIN1 - 



1.8nF ZZ 



-L IE 



2.1 KQ 
27nF 



ASSUMPTIONS 

T s = 1 .5lxs @ F V co = 48MHz 
Change pump current = 4X 
Ko = 3200A/SA/ 
9 e/ f < 20% of 9 e ,j 
^ = 0.8, 0) n T = 2.4 

ASSUMPTIONS 

Fxtal = 20MHz 

N + 1 = 20, M + 1 = 48 

K = 800A/S/V 

e e ,f < 1 % of e e ,j 

T s = 200lls 

5 = 0.7, co n T = 5 



Note: Loop filter optimized for 24Mbps NRZ operation. 



LOOP FILTER 1 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

DC Supply Voltage (VCCA & VCCD) -0.3 to +7V 

Analog & Digital Inputs/Outputs -0.3 to VCCA + 0.3V 

Input Current per Pin -25 to +25mA 

Storage Temperature -65 to +150°C 

Maximum Junction Temperature 1 25°C 



RECOMMENDED OPERATING 
CONDITIONS 

DC Supply Voltage Range 4.75V to 5.25V 

Operating Temperature Range 0°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, VCCA = VCCD = 4.5 to 5.5 volts and T A = to 70°C, Note 1 



PARAMETER 



CONDITIONS 



MIN 



TYP 



Power Dissipation 



Digital I/O Specifications 



DC Characteristics 



MAX 



UNITS 



V CC (VCCA), (VCCD) 




4.5 




5.5 


V 


Supply Current 


VCCA, VCCD = 4.5V to 5.5V, 
Data Rate = 24 Mbps, C L < 1 5pF 










Read Mode 


All circuits operational 






80 


mA 


PLLFS Mode 


Data separator, OFF 






40 


mA 


Idle Mode 


Only bias circuits & serial interface ON 






10 


mA 


Sleep Mode 


All circuits OFF, register contents retained 






40 


uA 



High level input voltage 




VCCD -0.5 




VCCD 


V 


Low level input voltage 




GNDD 




0.5 


V 


High level input current 


V| N = VCC 






0.5 


UA 


Low level input current 


V, N = GND 






0.5 


HA 


High level output voltage 


hour I = 2mA 


VCCD - 0.5 




VCCD 


V 


Low level output voltage 


|l OU Tl = 2mA 






0.4 


V 


High impedance 
output current 


@ V| N = 1 0OmV & VCC - 1 0OmV 


-0.5 




0.5 


uA 



Differential Input 
voltage swing 


On ECL input pins RD & RDB 


0.8 




1.6 


Vp-p 


Psuedo ECL low level 
output voltage 


@ Iqut = 3mA DRDB & VC02CLK pins 


VCCA - 2.05 




VCCA - 1 .45 


V 


Psuedo ECL high level 
output voltage 


@ Iout = 3mA DRDB & VC02CLK pins 


VCCA - 1 .7 




VCCA - 1 .3 


V 


Psuedo ECL output swing 




0.15 


0.25 


0.35 


V 


Low level input current 
(Psuedo ECL) 


DiffV IN = 0V& VCC -0.7V 
(RD & RDB inputs) 


0.8 


1.0 


1.5 


mA 


High level input current 
(Psuedo ECL) 


Diff V, N = VCC- 0.7V &0V 
(RD & RDB inputs) 


0.8 


1.0 


1.5 


mA 


Vrd/rdb common mode 


Note 1 


1.3 


VCCD - 1 .4 


VCCD -1.1 


V 


RPUMP bias voltage 


RPUMP = 7.5 KQ(1%) 


0.7 


0.75 


0.8 


V 


RVCO bias voltage 


RVCO = 7.9K^(1%) 


0.65 


0.79 


0.9 


V 
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ELECTRICAL CHARACTERISTICS (continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Frequency Synthesizer 



XTAL or input frequency 


Parallel resonant type with minimum 
capacitance loading 


5 




20 


MHz 


M divider register 




1 




127 


Decimal 


N divider register 




1 




127 


Decimal 


VCO center frequency 
dynamic range (fo) 


Measure f H @ VCOIN1 = 0.7V 
Measure f L @ VCOIN1 = 2.3V 
Dynamic range = (fn - f|_)/fi 


±17 


±20 




% 


VCO gain 


©o = 2 X 71 x fo, 

K V co = ^x(f 1 -f 2 )/100mV 
f! ©VCOIN1 @f o + 100mV 
f 2 @VCOIN1 @f o -100mV 


0.25 


0.35 


0.44 


rad/s-V 


Pump current resistor 


for setting pump current (±1 %) 




7.5 




Kohms 


Phase detector gain 


Kd = (l x 48MHz) / (2 x n x f Q ) 
l = 0.75V/(2 x Rpump) 


0.80Kd 


Kd 


1 .20Kd 


A/rad 


PLL loop gain 


Go = 6.3x106/R PUMP 


0.70 Go 


Go 


1.30 G 


A/sxV 


PLLFS RMS jitter ± 1 Sigma 


Note 2 






600 


ps 



Read Mode and Data Synchronizer 



VCO center frequency 
dynamic range (fo) 


Measure f H @ VCOIN2 = 0.7V 
Measure f L @ VCOIN2 = 2.3V 
Dynamic range = (fn - f|_)/fi 


±10 


±20 




% 


VCO gain 


©o = 2 X K x fo, 
K V co = 7tx(fl-f2)/100mV 

U ©VCOIN1 @f o +100mV 
f 2 @VCOIN1 @f o -100mV 


0.25 


0.35 


0.44 


rad/s - V 


Phase detector gain 


Kd = (l x48MHz)/(2x7Uxf ) 
l = (2 x 0.75V)/R PUM p 


0.80Kd 


Kd 


1 .20Kd 


A/rad 


PLL loop gain 


Go = 25.2 x 106/R PUMP (during preamble) 


0.70G o 


Go 


1 .30G o 


A/sxV 


VCO ZPS error 


( zero phase start ) 


-0.05T - 2 




+0.05T + 2 


ns 


1/4 cell delay accuracy 


relative to T/2 






±5 


% 


Decode window 
centering accuracy 


WC4 = 

VVC0 -3 = 1, (Code rate = 48MHz) 






±14 


% 


RD input pulse width 


tWRD 


15 




T 


ns 


RRC duty cycle 


WG = 0, RG = 1 


35 




65 


% 


PLLDS RMS jitter, ± 1 Sigma 


WG = 0, RG = 1 , (Code rate = 48Mhz) 
Note 2 






1 


ns 
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ELECTRICAL CHARACTERISTICS (continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Read Mode and Data Synchronizer (continued) 



RRC to NRZout delay 


tDNRZI 






5 


ns 


RG to valid NRZout delay 


*DNRZ2 




6TRRC 




ns 



Serial Microprocessor Interface 



Serial clock (SCLK) frequency 




0.01 




20 


MHz 


SCLK pulse width 


tpw 


20 






ns 


SCLK to SDATA hold time 


tHSD 


10 






ns 


SDATA to SCLK setup time 


*SSD 


10 






ns 


SENB to SCLK setup time 


tsSEN 


10 






ns 



Note 1 : Limits are guaranteed by 1 00% testing, sampling, or correlation with worst-case test conditions. 

Note 2: The ±1 Sigma RMS jitter is one standard deviation of the distribution of the edge transition time. The peak-to-peak is twice the value shown. 
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Figure 1 . Read Mode Timing 
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FUNCTIONAL DESCRIPTION 

The ML6013 is a BiCMOS MOD Read Channel Back-end 
Processor IC which works in conjunction with the 
ML6012 MOD Read Channel Front-end Processor to 
form a complete solution for the next generation of 3.5" 
Rewritable Magneto-Optical Drives (MOD). It incorporates 
a full function data synchronizer with a 3:1 operating 
range and a full function frequency synthesizer with 
onboard M & N dividers. 

The most critical blocks on this chip are the three VCOs, 
one for the data synchronizer PLL, one for the frequency 
synthesizer PLL and the third VCO is used to generate the 
tracking 1/4 cell delay for (2, 7) RLL data synchronization. 
Careful design considerations have been incorporated to 
minimize the noise coupling and crosstalk among the 
VCOs. The highlights of the ML6013 VCO architecture 
are that it is a fully differential, high speed circuit with 
built-in switching. It provides a constant amplitude across 
the frequency span with on-chip timing capacitors. The 
system noise is highly minimized as the VCO operates at 
only 2X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and 
a bank of internal control registers. The control registers 
come up in an undetermined state on physical power-up 
and hence need to be initialized, to setup the ML6013 in 
a known state, on power-up. The control registers will 
retain their contents in all the power down modes, until 
power is physically switched off to the chip. The center 
frequency of the frequency synthesizer VCO is 
programmed with a 5-bit current DAC. The program 
information can be provided by the user, or it can be 
derived from the M & N information. The VCO control 
current results from the summation of this DAC based 
coarse control and PLL based fine control. The center 
frequency of the data separator VCO is programmed 
by duplicating the control current in the frequency 
synthesizer VCO as the coarse control. This leaves 
only the data rate variation to be fine tuned by the PLL, 
hence implying lower sensitivity and better jitter 
performance. The VC03 period is programmed from a 
5-bit current DAC, which is in turn referenced to the 
VC02 control current. This will vary the 1/2 cycle of 
VC03 for the required window centering programmability. 

The ML601 3 supports four power down modes for 
implementation of intelligent power management 
schemes. An external hardware pin is also provided to 
implement real time power management. In the sleep 
mode all sections are powered down except the serial 
microprocessor interface. 

The ML601 3 accepts the raw data in a pseudo ECL 
voltage level, as generated by the ML601 2 and provides 
the synchronized data and clock outputs for the optical 
disk controller. 



VCO ARCHITECTURE 

The most critical circuit blocks in the ML601 3 are 
the three VCOs. The first VCO is used in the frequency 
synthesizer PLL, the second VCO is used in the data 
separator PLL and the third VCO is used to generate 
the tracking 1/4 cell delay for (2, 7)RLL data synchronization. 

The VCO architecture is optimized to minimize noise 
coupling from the digital sections of the chip and also the 
cross talk among the VCOs. The highlights of the VCO 
architecture are: 

■ High speed operation with built-in switching 
mechanism for optimized performance. 

■ Fully differential circuit configuration to achieve high 
level of noise immunity. 

■ On chip timing capacitors to control accuracy and for 
better noise immunity. 

■ Constant amplitude across frequency span. 

■ Symmetrical waveform (-50% duty cycle). 

The operating frequency of the VCO is controlled by the 
tail current of the VCO which consists of two components 
— a fixed but programmable current (coarse), generated 
from a DAC which is controlled by the control register #3 
and a variable current generated from the PLL. The coarse 
setting sets the center frequency of the VCO near the 
operating frequency and the negative feedback around the 
PLL is used to tune the VCO into the target operating 
frequency. To minimize the dependence on process and 
temperature variations the DAC current is derived using 
an external 1% resistor Rvco The center frequency is 
given by the equation: 



in 



m + 17 



(16xR vco xC) 



where m = to 31 from control register #3 

C = internal capacitor 

Rvco = 7 -87 kQ, 1% (recommended) 

The architecture of the VCOs is such that they run at 2X 
the data rate. This reduces the speed requirements 
of the circuits and also helps in minimizing crosstalk 
between the VCOs, thus contributing towards overall 
system noise immunity. The output of the VCO is sent to 
a frequency doubler to generate the 4X frequency locally 
which is then divided by 2 or 4 to generate the synch- 
ronized 2X and 1 X clocks. Zero phase start of the data 
separator VCO is supported for initial phase alignment. 
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PLL ARCHITECTURE 

There are two PLLs implemented to realize the data 
separation (for data and clock recovery) and frequency 
synthesis function (required to support a zoned bit 
recording (ZBR) implementation). Shown below is a block 
diagram of the PLL which requires a first order loop filter. 



PHASE 
DETECTOR 


UP 


CHARGE 
PUMP 


DOWN 





LOWPASS 
FILTER 



DIVIDE 
BYM+1 



Figure 3. Block Diagram of PLL. 

To design the PLL response with a well controlled loop 
gain value, an external 1 % resistor (Rpump) ' s use d to set 
the charge pump current according to the bandgap 
reference voltage generated on chip. The recommended 
value for Rpump is 7.5kQ. The capacitor in series with 
the resistor in the loop filter is chosen so that typically it 
is 10 times the other capacitor. The resistor is chosen to 
yield a damping factor between 0.5 and 1 for the 
acquisition performance of the PLL. 

FREQUENCY SYNTHESIZER PLL 

In a Zone Bit Recording (ZBR) implementation, the disk is 
divided into a number of zones and the data rate varies 
from zone to zone. In order to support a ZBR 
implementation the appropriate frequencies need to be 
synthesized. VC01 is used in the ML6013 frequency 
synthesizer to generate a clock with frequency fycoi- This 
is given by the formula: 



fvcoi 



_ (M + 1)xf XT AL 

(N + D 



where M and N are 7-bit dividers, programmable through 
control registers #6, 5, 4. M and N should be at least 1 so 
that the divide ratio in both the forward and feedback 
paths are no less than 2, as that 50% duty cycle is 
guaranteed for the phase compared clocks. In a typical 
application the users keeps the N at a fixed value and 
reprograms M from zone to zone to synthesize the 
required frequency. A 2.5:1 span is required for most 
applications. The synthesized VC01 clock is used to 
derive the 2FCLK clock. The VCOI clock is also used to 
train VC02 PLL during the non-read mode. The charge 
pump gain can be controlled through the CPG1 bit in 
control register #0. The default is always 1 X gain. The 
frequency synthesizer PLL bandwidth is relatively low 
(~1 OKHz) for jitter performance. 

The coarse center frequency of the frequency synthesizer 
VCO is programmed with a 5-bit current DAC in 
conjunction with control register #3. This speeds up 
the frequency acquisition and also minimizes the VCO 
sensitivity to Vvcoini and improves the jitter 
performance. The synthesized frequency is tuned using 
the M & N divider information and the crystal frequency, 
as given by the equation above. 



PLL LOOP FILTER DESIGN 
FOR FREQUENCY SYNTHESIZER 

To select the components for the loop filter, two 
parameters, £ (damping factor) and co n (natural frequency) 
of the loop characteristic need to be specified. 

It is desirable to have the damping factor £ between 0.5 
and 1 to prevent locking to harmonics while maintaining 
an acceptable lock time. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

The desired natural frequency co n of the loop is deter- 
mined by satisfying the acquisition time (1% maximum 
phase error after phase acquisition) which is less than the 
minimum track-to-track seek time. This yields a settling 
time of approximately t$ = 5/o> n . 

The formula for the filter components are shown in 
equations (1) and (2). 



K r 



(M + 1)co n z 



(2) 



R = 2frp n (M + T) 
Ko 

where Ko = KqKvco (°P en l°°P 8 a,n ) 

The operating frequency Fvco (code rate) is programmed 
by M&N registers. Equation (3) shows the programming 
relationship. 



FvC °-(N + 1) XFxTAL 



(3) 



The value of N should be fixed in the above equation and 
allow only the M to change for desired operating fre- 
quency. 

Loop Filter Design Example: 

NRZ data rate = 1 2 to 24 Mbps (1 :2 ratio) 
Code rate, F V co = 24 to 48MHz 

(assumes (2, 7) RLL code) 
Fxtal = 20MHz 

Choose N = 19, => M = 23 to 47 
KdKvco = 800 A/S/V 

Let the loop damping factor, % = 0.7 at Fvco = 48MHz to 
allow £ to rise at lower frequencies. Let co n = 25Krad/s 
(relatively low frequency, in the order of tens Krad/s for 
better jitter performance). This value produces a loop 
settling time = 200p,s. 



from eqn. (3) 
from eqn. (1) 
from eqn. (2) 



M + 1 = 48 

Q = 27nF => C 2 = Q/1 5 = 

R = 2.1KQ 



1.8nF 



At Fvco = 24MHz, M+1 
co n = 3 5 Krad/s. 



: 24 which yields £ = 1 .0, and 
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DATA SEPARATOR PLL 

The center frequency of VC02 is programmed by 
duplicating the control current in the VC01 as the coarse 
control (control register #3). VCOIN2 thus has to do the 
fine tuning due to data rate variations (less than several 
percent), thus implying low sensitivity and good jitter 
performance. This is an important factor because the 
data separator PLL has higher bandwidth (of the order 
of 1 0OKHz) to track the data rate variations and is 
hence more susceptible to noise induced jitter. 

The charge pump has two modes of operation. During 
the non-read mode, the VCO clock is compared to the 
frequency synthesizer clock in every cycle, hence the 
charge pump should operate in the low gain mode 
(PLLGS = 1). After Read Gate is asserted, VCO clock is 
compared to the preamble data on every third clock 
(assuming 3T preamble pattern for (2, 7) RLL code). 
The charge pump should switch to the high gain mode 
(PLLGS = 0) to partially compensate for the loss of phase 
detector gain. This switching is necessary to maintain the 
damping factor in the PLL during the initial acquisition 
for guaranteed frequency lock after 24 preamble bytes. 
After the initial acquisition, the charge pump is switched 
back into the low gain mode for better jitter and noise 
performance. 

The overall block diagram for the PLL can be 
described as: 



©- 



KD 


— ► 


F(S) 


— ► 


KVCO 

s 


0out(s) 
















+N 

















where N = The ratio of the VCO frequency to the input 
frequency 

To select the components for the loop filter, the user needs 
to consider the following loop requirements: 

1 . Residual phase error at the end of the preamble 
should be less than 4% of the total synchronization 
window (i.e. e < 1 ns for Fyco = 48MHz or T w = 
20.8ns). This implies a large loop bandwidth so that 
it can quickly obtain lock within a predetermined 
length of the preamble field. 

2. The lock-in range Acol must be larger than the 
expected frequency step change due to variations 
in disk rotational velocity. In today's technology, 
the disk rotational velocity can be well controlled 
within ±1%. 

3. The natural frequency co n and the damping factor £ 
of the loop must be minimized to achieve maximum 
jitter rejection in the data field. The minimum value 
for the damping factor £ will be 0.5 for adequate 
stability. 



4. Re-lock time to the reference clock (frequency 

synthesizer) must be less than the minimum track-to- 
track seek time. 

It is generally valid to assume the minimum value of co n is 
dominated by the bandwidth needed during preamble 
from requirement #1 . This assumption will be checked in 
the design example. 

The following loop filter design example assumes: 

a. (2, 7) RLL code 

b. The PLL encounters a phase offset instead of a 
frequency offset of the incoming data at the initial 
lock acquisition. The zero phase start function 
minimizes the initial phase offset to ±(0.2T + 2)ns 
where T = synchronization window. 

Since the highest data rate yields the minimum amount of 
time that the PLL has to settle before decoding data, the 
settling time is calculated based on the highest data rate. 

Loop Filter Design Example: 

NRZ data rate = 24MHz 

Code rate, F V co = 48MHz 

Nmin = 3 (during preamble, highest recorded 

frequency) 
Nmax = 8 (lowest recorded frequency) 
Preamble length = 24 of 3T (1 00) pattern 
T s (settling time of PLL) = 3 x 24 * 48MHz = 1 .5us 
Initial phase error e j = 3ns 
Final phase error (after Ts) e/ f < 20% of 6 e/ j 
K = 3200 A/S/V during preamble 

It is desirable to have the damping factor £ between 0.5 
and 1 during acquisition. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

Let the loop damping factor £ = 0.9 to allow £ to drop at 

N*3 

As shown in figure 4, with £ = 0.9, choosing co n T = 2.4 the 

phase error will be at most 20% of the initial phase error. 

Since Ts = 1 .5|is, co n = 1 .6Mrad/s. 

If the previous assumption is correct, co n = 1 .6Mrad/s 
should meet the loop requirements 2 and 4. First, examin- 
ing requirement #2: 

Let the maximum frequency step Af = ±1 % of the 
preamble frequency 

Af = ± 0.01 x 48MHz + 3 = ±1 60KHz 
Lock-in range is given by 
Aco L = 2£co n = 2 x 0.9 x 1 .6Mrad/s = 2.88 Mrad/s 

Thu, Af L = 458KHz > 160KHz and requirement #2 is met. 

User is encouraged to check that co n = 1 .6Mrad/s during 
preamble does meet the requirement #4. 
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Recall the equations for determining the filter 
components: 



Nxco n 

2|©nN 
Ko 



(4) 



(5) 



from eqn. (4) 
from eqn. (2) 



Ci =417pF = 
R = 2.7KQ. 



> C 2 = Q/1 5 = 28pF 



The above analysis is only shown as an example. The 
calculated values for filter components are most likely not 
optimized for all systems using the same data rate, code 
and preamble. 

1/4 CELL DELAY & SYNCHRONIZER 

The synchronizer circuit aligns the encoded read data 
pulses to the data separator VCO clock for the external 
decoder. Each rising edge of the encoded read data (RD) 
activates the following events: 

1 ) It enables the 1/4 ce ll delay (VC03 for half of a cycle) 
to generate a DRDB (delayed read data) pulse. The 
width of the DRDB pulse can be programmed by 
changing the tail current of VC03. In normal operation, 
VC03 is biased at the same current level as VC02 so 
the half cycle pulse width is equivalent to 1/4 of the 
NRZ data period. 



2) The falling edges of DRDB enable the phase detector, 
which operates in phase only mode duri ng a re ad 
operation, so that the rising edges of the DRDB will be 
phase compared to the rising edges of VC02 clock. 
The negative feedbac k aroun d the PLL eventually aligns 
the rising edge of the DRDB to the rising edge of the 
VC02 clock. 



3) The falling edges of DRDB set the output of an internal 
Data Register (DR) flip-flop to 1 , so the following 
rising edges of the VC02 clock will clock it into the 
synchronizer. After the 1 is clocked into the synchronizer, 
DR is reset to and the following VC02 clocks will 
clock in O's to the synchronizer until the DR is set by 
another read pulse. 

VC03 period is programmed from a 5-bit current DAC 
which is in turn referenced to VC02 control current. 
This will vary the 1/2 cycle of VC03 for the required 
window centering programmability while performing 
window margin test. 

LOSS OF PHASE/FREQUENCY LOCK DETECTOR 



The loss of phase detector will bring the output LFLDB 
low after the encoded read data (RD) has been missing 
for a certain number of clock cycles due to surface 
defects. The internal control registers P1 and PO determine 
the number of clock cycles to be used as reference. The 
loss of frequency detector detects if the VC02 has locked 
to the harmonics of the incoming read data (in phase only 
mode) by comparing the frequency of VC02 with the 
frequency of VCQ1 . The frequency detector guarantees a 
low output at LFLDB when it sees more than 1 0.5% 
difference in the frequency between VC02 and VCOI 
(the closest harmonic frequency that the VC02 can lock 
to will be approximately ±1 2.5% from the operating 
channel frequency, 2FCLK). To allow margin for frequency 
offset in the recovery clock (SYNCLK) due to frequency 
variations, the frequency detector also guarantees no 
frequency offset detection if the SYNCLK is within ±3.5% 
of the 2FCLK. 
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Figure 4. Transient phase error e (t) due 
to a step in phase A6. 



Figure 5. Transient phase error 6 e (t) due 
to a step in frequency Ago. 
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READ MODE OPERATION OF THE ML6013 

When Read Gate (RG) is inactive low, the data separator 
PLL is locked to the VCOI clock with the phase detector 
operating in the phase/frequency mode. 

When Read Gate (RG) goes active high, (PLLGS should go 
low as RG goes high) the chip enters the read mode. The 
internal counter sta rts co unting the number of pulses 
received on the RD/RDB input. After 8 RD pulses the 
VC02 is stopped. VC02 will restart at the next input 
transition. The zero phase start circuit eliminates the initial 
misalignment and speeds up the PLL acquisition. When 
RG is reasserted (PLLGS should stay high) after VC02 
recovers from the surface defects, zero phase start will be 
active immediately without counting another 8 RD pulses. 
When VC02 restarts, the phase detector is switched to 
phase only mode with the input connected to DRD 
(delayed read data). The phase detector gain is also 
increased by 4X (CPG2 = 1) to ensure that the PLL has 
enough bandwidth and the right damping factor to lock 
within 24 preamble bytes. After 24 more RD pulses the 
PLL acquisition is assumed complete. The phase detector 
gain is then switched to the low gain mode (1 X) for better 
jitter and noise performance. The phase detector gain will 
be automatically set when the PLLGS signal is not 
available from the controller. The 1-bit control "EXT" from 
the control register determines whether the PLLGS is 
controlled externally. 

The end of the read operation is signalled by Read Gate 
going inactive low. VC02 is stopped again and is 
restarted, synchronized with VCOI. Circuitry is 
implemented to ensure a glitchless transition of the clock 
frequencies on the RRC output. 

POWER MANAGEMENT 



The ML6013 provides a hardware pin (PDNB) and two 
bits in control register #7 for multiple levels of power 
management control. 



The major circuit blocks in the ML601 3 are the serial 
interface, VCOI and frequency synthesizer PLL, VC02 
and data separator PLL, VC03, synchronizer, bias circuits 
and I/O circuits. The PDNB pin in conjunction with the 2 
bits in control register #7 can be used to selectively turn 
off a combination of these blocks depending on the mode 
of operation. This allows the system designer to turn off 
sections of the chip that are not in use during a particular 
sequence of events, thus minimizing power dissipation at 
a micro management level. Table 1 shows these different 
power down modes and the circuit blocks affected in 
these different modes. Total typical power dissipation has 
two components — analog power dissipation which is 
more or less constant and digital power dissipation which 
varies with operating data rate. 

SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. Data is shifted serially into the 
ML601 3 on the SDATA line on the fal ling e dges of the 
serial shift clock, SCLK, provided the SENB pin is active 
(low). The data is shifted in blocks of eight bits with MSBit 
first. The internal registers are organized in blocks of eight 
bits, with the three most significant bits denoting the 
address, followed by the five data bits. This addressing 
scheme allows for a register bank of eight registers. When 
the chip is physically powered-up, the control registers 
come up in an undetermined state and hence they need to 
be initialized to some preset configuration, so that the 
behavior of the chip is predictable. The control registers 
retain their programmed information in all the power- 
down modes, except when the c hip is physically 
powered-down. When the SENB pin goes inactive (high), 
the SDATA and SCLK pins are ignored and the previously 
shifted information is latched on the rising edge of the 
SENB, into the appropriate register bank based on the 
address bits. It is recommended that the SCLK input be 
kept inactive low when it is in use. The SCLK input is 
capable of handling speeds up to 20MHz. 



Table 1 : Power down modes in the ML601 3 with typical power dissipation 



POWER DOWN MODE 


SLEEP 


IDLE 


PLL 


READ 


PDWN 


MAX 
WAKE UP 
TIME (ms) 


PDNB pin 


high 


high 


high 


high 


low 


— 


PM1,PM0 


00 


01 


10 


11 


XX 


— 


VCOI and PLLFS 


off 


off 


on 


on 


off 


0.5 


VC02, PLLDS 

VC03 and Synchronizer 


off 


off 


off 


on 


off 


0.1 


Bias and I/O circuits 


off 


on 


on 


on 


off 


0.02 


XTAL Oscillator 


off 


on 


on 


on 


off 


100 


Serial Interface 


on 


on 


on 


on 


on 





Typical analog power 
dissipation (mA) 


<0.1 


6 


14 


37 


<0.1 
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CONTROL REGISTER DEFINITIONS 

The control register bank consists of eight registers with 
addresses from through 7. Outlined below are the 
detailed bit by bit definitions of the control registers 
through 7. 

CONTROL REGISTER #0 

Miscellaneous Control 
MSB 



EXT = 
EXT=1 

K1 =0 
K1 =1 

K2 = 
K2 = 1 

CPG1 =0 
CPG1 = 1 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 











CPG2 


CPG1 


K2 


K1 


EXT 



CPG2 = 



CPG2 = 1 



PLLGS function is controlled internally 
PLLGS function is controlled externally 

Disable VC01 
VCOI is enabled 

Disable VC02 
VC02 is enabled 

Frequency synthesizer Phase detector 
gain is set to 1X 

Frequency synthesizer Phase detector 
gain is set to 2X 

Data separator phase detector gain is 
set to 2X during preamble acquisition 
Data separator phase detector gain is 
set to 4X during preamble acquisition 
and remains at 4X during read mode 
when EXT = 1 and PLLGS = 



CONTROL REGISTER #1 

Loss of Frequency Detection Control 
MSB 



EPB = 
EPB = 1 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 








1 


RSVD 


P1 


P0 


EFB 


EPB 



EFB = 
EFB = 1 

P1, P0 



Enable loss of phase lock detection 
Disable loss of phase lock detection 

Enable loss of frequency lock detection 
Disable loss of frequency lock detection 

The combination of these two bits programs 
the number of VCOI clock cycles that can 
elapse without RD present, before a loss of 
phase is detected in the LFLD circuit. This is 
shown in the table below: 



CONTROL REGISTER #2 

Data separator PLL window centering control 

MSB 





A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 









1 





WC4 


WC3 


WC2 


WC1 


WCO 
















WC4 


WC3 


WC2 


WC1 WCO 


VALUE 














-24.0 % 











1 


-22.4 % 











1 


-20.8 % 











1 1 


-19.2% 








1 





-1 7.6 % 








1 


1 


-16.0% 








1 


1 


-14.4% 








1 


1 1 


-12.8% 













-1 1 .2 % 










1 


-9.6 % 










1 


-8.0 % 










1 1 


-6.4 % 







1 





-4.8 % 







1 


1 


-3.2 % 







1 


1 


-1 .6 % 







1 


1 1 


% (center) 













+1.6% 










1 


+3.2 % 










1 


+4.8 % 










1 1 


+6.4 % 







1 





+8.0 % 







1 


1 


+9.6 % 







1 


1 


+1 1 .2 % 







1 


1 1 


+12.8% 












+14.4% 









1 


+16.0% 









1 


+1 7.6 % 









1 1 


+19.2% 






1 





+20.8 % 






1 


1 


+22.4 % 






1 


1 


+24.0 % 






1 


1 1 


+25.6 % 



P1 


P0 


NUMBER OF VCOI CYCLES 








12 





1 


20 


1 





22 


1 


1 


28 
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CONTROL REGISTER #3 

VCO Coarse Center Frequency Control 



CONTROL REGISTER #4 

Divide by N Control 



MSB 



MSB 





A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 









1 


1 


CF4 


CF3 


CF2 


CF1 


CFO 














CF4 


CF3 CF2 


CF1 CFO 


FqMHZ 











17 MHz 








1 


18 MHz 








1 


19 MHz 








1 1 


20 MHz 





1 





21 MHz 





1 


1 


22 MHz 





1 


1 


23 MHz 





1 


1 1 


24 MHz 











25 MHz 








1 


26 MHz 








1 


27 MHz 








1 1 


28 MHz 


I 


1 





29 MHz 





1 


1 


30 MHz 


1 


1 


1 


31 MHz 





1 


1 1 


31 MHz 










33 MHz 







1 


34 MHz 







1 


35 MHz 







1 1 


36 MHz 




1 





37 MHz 




1 


1 


38 MHz 




1 


1 


39 MHz 




1 


1 1 


40 MHz 










41 MHz 







1 


42 MHz 







1 


43 MHz 







1 1 


44 MHz 




1 





45 MHz 




1 


1 


46 MHz 




1 


1 


47 MHz 




1 


1 1 


48 MHz 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 








N6 


N5 


N4 


N3 


N2 



CONTROL REGISTER #5 

Divide by M Control 

MSB 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 





1 


M6 


M5 


M4 


M3 


M2 



CONTROL REGISTER #6 

Divide by M & N and endec control 

MSB 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 


1 





RSVD 


M1 


MO 


N1 


NO 



M & N are given by : 

M = M6 x 26 + M5 x 25 + M4 x 24 + M3 x 23 + M2 x 
22 + M1 x21 +1 



M = 64 x M6 + 32 x M5 + 1 6 x M4 + 8 x M3 + 4 x M2 
+ 2xM1 +1 

and 

N = N6 x 26 + N5 x 25 + N4 x 24 + N3 x 23 + N2 x 22 
+ N1 x21 +1 



N = 64 x N6 + 32 x N5 + 1 6 x N4 + 8 x N3 + 4 x N2 + 
2xN1 +1 

Note: The 7-bit M & N values are updated (latched) 
internally only when the most significant bit (M6 or N6) is 
written to, irrespective of changes in any other bits. 
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CONTROL REGISTER #7 

Power Down Control 

MSB 



BUF = 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 


1 


1 


RSVD 


BUF 





PM1 


PMO 



1 This bit enable s the EC L output buffers so that 
the test signals DRDB and VC02CLK are made 
available to the user. 

BUF = This disables the ECL output buffer, thus 
minimizing power dissipation. 

D2 = Reserved, must be programmed as "0" at 
all times. 



Bit configuration 


for power 


down modes 




PDNB 


PM1 


PMO 


MODE 


1 








SLEEP 


1 





1 


IDLE 


1 


1 





PLL 


1 


1 


1 


READ 





X 


X 


PDOWN 



Note: PDOWN dissipation is the same as SLEEP mode 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6013CH 


0°C to +70°C 


32-Pin TQFP (H32) 
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ML6024 



16 Mbps Filter/Equalizer for Tape Drives 



GENERAL DESCRIPTION 



FEATURES 



The ML6024 Is a monolithic analog filter/equalizer 
intended for tape drive read channel applications, capable 
of handling disk data rates up to 1 6 Mbps, with an 
operating power dissipation less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for tape 
drive read channel equalization, especially to handle the 
different format and media types, for ensuring backward 
compatibility. It consists of a programmable 6-pole 2-zero 
lowpass filter stage, two pairs high-speed drivers, and a 
serial microprocessor interface. The poles of the transfer 
function approximate a maximally flat group delay 
(modified bessel type) response, whereas the symmetric 
zeros provide the high-frequency boost necessary for 
equalization. The user can independently program the 
corner frequency, as well as the slimming level and 
individual bits for power-down, read/write control, and 
auto-zero control. 



6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

Data transfer rates up to 1 6 Mbps 

Programmable filter cutoff frequency 

(4.3:1 range in 64 steps) 

(f c = 2 to 9MHz) 
32 step programmable pulse slimming equalization, 
0to10dBboostatf c . 

Power-down, auto-zero, R/W modes programmable 
through bits in the control register 

Lowpass output and differentiated lowpass (bandpass) 
output provided. 

Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

High speed (up to 20MHz clock) three wire serial 
microprocessor interface 

Double buffered data latch for synchronous or 
asynchronous data loading. 

External pin to disable the slimmer 

Single 5V ± 10% power supply 

Available in 20-pin SSOP package. 

4 GHz/1 .5li BiCMOS process 

Power Dissipation — Pqpr = 300mW, P DN = 7.5mW 

Gm set through an external 1 5KQ, (REXT) resistor 



BLOCK DIAGRAM 



VCC1 

(13) 



GND 

(4,5,9,11) 



NC 
(6,12,16) 



FBST 

(1,4) 



VCC2 

(3) 



VINM (8) ■ 



LOWPASS 
FILTER 



BIAS 
CIRCUITS 



OUTPUT 
BUFFERS 



CONTROL REGISTER 
(14-BITS) 



VOLP(1) 
VOLM (2) 
VOHP (20) 
VOHM (19) 



REXT 

(10) 
15KQ 



SCLK SDATA CS 

(18) (17) (15) 
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PIN CONNECTION 



20-Pin SSOP 




VOLP EE 


1 


20 U VOHP 


VOLM EE 2 


19 


HI VOHM 


VCC2 EE 3 


18 JD SCLK 


GND EE 4 


17 


13 SDATA 


GND EC 


5 


16 


m nc 


NC EE 6 


15 


13 cs 


VINP EE 7 


14 


I] FBST 


VINM EE 8 


13 U VCC1 


GND EE 9 


12 


HI NC 


REXT EE 10 


11 


I] GND 



TOP VIEW 



PIN DESCRIPTION 



PIN# 


NAME 


FUNCTION 


1 
2 


VOLP 
VOLM 


Normal Lowpass outputs 


3 


VCC2 


Positive supply for the output 
drivers, 5V± 10% 


4,5, 
9, 11 


GND 


Ground 


7 
8 


VINP 
VINM 


Signal Inputs 


10 


REXT 


A 1 5K resistor between this pin and 
ground sets corner frequency 


13 


VCC1 


Positive supply, 5V ± 1 0% 


14 


FBST 


Slimmer Enable pin. A high input 



PIN# 



NAME 



FUNCTION 



level allows normal operation of the 
filter. A low level input disables the 
slimmer, resulting in OdB boost. A 
TTL input. 



15 



CS 



17 


SDATA 


18 


SCLK 


19 


VOHM 


20 


VOHP 


6,12, 


NC 


16 





Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggered control register clock 
input. A TTL input. 

Differentiated lowpass outputs 



No Connects, reserved for future 
use. 
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24 Mbps Read Channel Filter/Equalizer 



GENERAL DESCRIPTION 

The ML6025 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 24Mbits/s, with 
an operating power dissipation of less than 300mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The cutoff frequency range 
is determined by Rext, which is inversely proportional to 
the frequency. The user can independently adjust both the 
corner frequency, as well as the slimming level. The 
desired frequency response is programmed by a 14-bit 
serial input data stream which includes one bit for power- 
down, one bit for read/write control, and one bit for auto- 
zero control. The auto-zero circuitry, if enabled, reduces 
the output offsets to less than 20mV. External control for 
disabling the slimmer during servo sections is also 
provided. The ML6025 is well suited for constant density 
recording systems (Zoned-bit recording) as well as for 
constant data rate systems. A 36Mbits/s version, ML6026 
is also available. 



FEATURES 

■ 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

■ Disk Data rates up to 24Mbit/s 

■ Programmable filter cutoff frequency 

(4.3:1 range in 64 steps) 
(f c = 3.13 to 13.5MHz) 

■ 32 step programmable pulse slimming equalization, 
Oto 10dB boost at f c . 

■ Power-down, Auto-zero, RAV modes programmable 
through bits in the Control Register 

■ Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

■ Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

■ High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

■ Double buffered data latch for synchronous or 
asynchronous data loading. 

■ Single 5V ± 10% power supply 

■ 0°C - 70°C operating temperature 

■ Available in 20-pin SSOP package. 

■ 4 GHz/1 .5li BiCMOS process 

■ Power Dissipation — P opr = 300mW, P dn = 7.5mW 

■ Evaluation board available (ML602XEVAL) 



BLOCK DIAGRAM 



VCC1 GND NC 

(13) (4,5,9,11) (6,12,16) 



VCC2 

(3) 



VINP (7) " 
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£1000 
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LOWPASS 
FILTER 



A U A 



BIAS 
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OUTPUT 
BUFFERS 



CONTROL REGISTER 
(14-BITS) 
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REXT 

(10) 
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PIN CONNECTION 



20-Pin SSOP 


volp o: 1 


20 


ID VOHP 


VOLM HE 2 


19 


33 VOHM 


VCC2 CE 3 


18 


ID SCLK 


GND DC 4 


17 


33 SDATA 


GND CE 


5 


16 


ID NC 


NC CE 6 


15 


ID CS 


VINP EC 7 


14 


33 FBST 


VINM EE 


8 


13 13 VCC1 


GND EE 9 


12 


ID NC 


REXT EE 


10 


11 33 GND 



TOP VIEW 



PIN DESCRIPTION 



PIN# 


NAME 


FUNCTION 


1 
2 


VOLP 
VOLM 


Normal Lowpass outputs 


3 


VCC2 


Positive supply for the output 
drivers, 5V± 10% 


4,5, 
9, 11 


GND 


Ground 


7 
8 


VINP 
VINM 


Signal Inputs 



PIN# 



NAME 



FUNCTION 



1 REXT A 1 0K resistor between this pin and 

ground sets the filters corner 
frequency 

1 3 VCC1 Positive supply, 5V ± 1 0% 

14 FBST Slimmer Enable pin. A high input 

level allows normal operation of the 
filter. A low level input disables the 
slimmer, resulting in OdB boost. 
A TTL input. 



15 



17 
18 



19 
20 

6, 12, 
16 



CS 



SDATA 
SCLK 



VOHM 
VOHP 



NC 



Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

Differentiated lowpass outputs 



No Connects, reserved for future 
use. 



TRANSFER FUNCTION 

The transfer function is: (modified Bessel) 
1- 



Q2 X(O 02j 



co^ QtXCOc 



- + 1 



V^oi 



^cog 2 Q 2 xco 02 



+ 1 






Q 3 xco 



- + 1 



Where: s = jco 

k S L = to 7.75 

f i = 1 .607 

Qt =0.51 

f 02 = 1 .908 

Q 2 =1.02 

f 03 =1-692 

Q 3 =0.611 

co i =(27if c )foi 

C0 02 =(27tf C )fo2 
©03 =(27tf C )f()3 

fc = corner frequency 
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ABSOLUTE MAXIMUM RATINGS 

VCC1 , VCC2 _ +6.5 volts 

VINP, VINM, REXT, CS, SCLK, 

SDATA, RAV GND - 0.3V to VCC1 + 0.3V 

VOLP, VOLM, 

VOHP, VOHM GND - 0.3V to VCC2 + 0.3V 

Input Current per pin ± 25 mA 

Package Dissipation 

at Ta = 25°C (Surface Mount) 1 .5 Watts 

Junction Temperature +150°C 

Storage Temperature -65°C to +1 50°C 



OPERATING CONDITIONS 

VCC1 =VCC2 + 5 volts ± 10% 

VIN = (VINP-VINM) 1 Vp-p 

Rext 10Kohms 

Serial Clock Frequency (SCLK) < 25 MHz 

AC Coupling Capacitors > 0.0001 uj 



ELECTRICAL CHARACHTERISTICS 

The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCC1 = VCC2 = 5 volt ± 1 0%, Ta = 0°C to 70°C, Rext = 1 Kohms 

VIN = (VINP - VINM) = 1 Vp-p sinewave input 

VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 

Input and Output coupling capacitors = 0.47jiF 

RB1 = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 

RL = 1 000 (1 000) ohms and CL = 50 (50) pF on pins 1 (1 9) and 2 (20) 

Serial Clock Frequency = 20 MHz, Power Down, Read/Write bits = 0, Auto Zero = 1 

Digital timing measured at 1 .4V midpoint 

Input control signals from 1 0% - 90% of VCC1 with (t r = tf) < 5 ns. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


DC CHARACTERISTICS 


Ice 


VCC Supply Current 


RB1 = RB2 = INF 




60 


77 


mA 


Ipd 


Standby Current 


VIN = 




1.5 


1.75 


mA 


DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 


VIL 


Low Voltage 








0.8 


V 


VI H 


High Voltage 




2.2 






V 


IIH 


High Current 








1.0 


HA 


HL 


Low Current 








-1.0 


pA 


CIN 


Input Capacitance 






5 




PF 


DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 


tpvv~CS 


Width of CS, High/Low 




25 






ns 


tsu-SDATA 


SDATA Setup time to SCLK 




15 






ns 


t H -SDATA 


SDATA Hold Time 




5 






ns 


tsu-CS 


CS Setup Time to SCLK 




15 






ns 


t H -CS 


CS Hold Time to SCLK 











ns 


tpH-SCLK 


SCLK Pulse Width 




20 






ns 


t H -SCLK 


CS Inactive to SCLK Active 




125 






ns 
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ELECTRICAL CHARACTERISTICS 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



EQUALIZER (NORMAL AND LOWPASS OUTPUT) 



ANALOG 



ML6025 



MAX 



UNITS 



AG 


Absolute Gain 


S0-S4 = 0, F0-F5 = at 0.5MHz 


-1.5 


-0.5 


0.5 


dB 


CF 


Cutoff Frequency, -3dB ±1 .5 
(f re f = 0.5MHz) 


S0-S4 = 0, (no slimming) 

F5 F4 F3 F2 F1 F0 (f c ) 

















12.15 


13.50 


14.85 


MHz 






1 


11.54 


12.82 


14.10 


MHz 






10 


11.04 


12.27 


13.50 


MHz 






10 


10.13 


11.25 


12.38 


MHz 






10 


8.68 


9.64 


10.60 


MHz 






10 


6.75 


7.50 


8.25 


MHz 






1 


4.67 


5.19 


5.71 


MHz 






111111 


2.82 


3.13 


3.44 


MHz 


SL 


Slimming Level 

(Gain at CF Referred to AG, 


F0-F5 = 0;atCF 

S4 S3 S2 S1 SO 












Vout = 1 Vp-p 


1 


-0.4 


0.6 


1.6 


dB 






10 


0.1 


1.1 


2.1 


dB 






10 


1.1 


2.1 


3.1 


dB 






10 


2.8 


3.8 


4.8 


dB 






10 


5.4 


6.4 


7.4 


dB 






11111 


8.9 


9.9 


10.9 


dB 


GD 


Diff Group Delay 


0.3f<f<f G F0-F5 = 0, Note 2 






±5 


% 


HD 


Harmonic Distortion 
Second and Third related 


F0-F5 = 0, 

Vout = 1 .5Vp-p, Fin = 9.0MHz 












to Fundamental 


S0-S4 = (no slimming) 

S0-S4 = 1 (full slimming), Note 1 






-45 
-40 


dB 
dB 


ICN 


Idle Channel Noise 


F0-F5 = 0, VOLP 












(VIN = 0,DC-78MHz) 


S0-S4 = (no slimming) 

S0-S4 = 1 (full slimming), Note 1 






2 
6 


mVrms 
mVrms 


DR 


Dynamic Range 


F0-F5 = 0, Fin = 9.0MHz 












(Signal/(Noise + Distor)) 


S0-S4 = (no slimming) 






-41 


dB 




Signal = 1Vp-p 


S0-S4 = 1 (full slimming), Note 1 






-35 


dB 


PSRR 


Power Supply Rejection 


100mVp-p sinewave on Vcc 
F0-F5 = 0, S0-S4 = 0, Vin = 
Fin = 1 .0MHz 
Fin = 40MHz 




40 
30 




dB 
dB 


DELP HI 


Phase Shift between LP 


All F's and S's = 












and HP Output 


Vin = 1Vp-p, Fin = 9.0MHz 


87.5 


90 


92.5 


Degree 



VIP 


Input Signal Monotonicity 


All F's and S's = 0, (VINP - VINM) 
Fin = 9.0MHz 




1 


2 


Vp-p 


RID 


Differential Input Resistance 


VIN = 100mVp-p at 6.7MHz 


1.6 


2 


2.5 


Kohms 


CID 


Differential Input Capacitance 


VIN = 100mVp-p at 6.7MHz 




5 




PF 


ZIC 


Common-mode 
Input Impedence 






1 




Kohms 


VOS 


Output Offset Voltage 


Differential VOLP or VOHP 
Auto Zero ON (S0-S4 = or 1 ) 
Auto Zero OFF (S0-S4 = 0) 
Auto Zero OFF (S0-S4 = 1) 






±10 
±400 
±400 


mV 
mV 
mV 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


ANALOG (Continued) 


ROD 


Output Resistance 


Differential VIN = 0; at 6.7MHz 




5 




Ohms 


COD 


Output Capacitance 


Differential VIN = 0; at 6.7 MHz 




8 




PF 


ROC 


Output Resistance 
Common Mode 


Common mode 
VIN = 0; at 6.7MHz 




5 




Ohms 


COC 


Output Capacitance 
Common Mode 


Common mode 
VIN = 0; at 6.7MHz 




15 




PF 


CLSE 


Load Capacitance 


VOLP;RB1 =750 ohms 
VOHP; RB2 = 750 ohms 






50 
50 


PF 
PF 


RLSE 


Load Resistance 


VOLP 
VOHP 


400 
400 






Ohms 
Ohms 


RLOZ 


Input Resistance 


Diff; PD and/or RW bit = 1 






350 


Ohms 


•ob 


Output Buffer Bias Current 


VOLP or VOHP, VOLM or VOHM 


1 


1.4 




mA 


bsc 


Short Circuit Output Current 


VOLP or VOHP, VOLM or VOHM 




44 


60 


mA 


Note 1 : These parameters are guaranteed by characterization only. 

Note 2: Tested only at max fc setting, however this parameter is guaranteed by characterization over entire range. 



FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6025 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 13.5 MHz filter bandwidth in a 
1 .5p/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6025 filter consists of a 6 th order Bessel low-pass 
and a 2nd order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. The corner frequency is digitally 



programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from to 10 dB. The slimmer can 
also be instantly disabled through an external pin. 

In a typical application, the ML6025 is used together with 
a pulse detector such as the ML541 , ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6025 
input and the output of the ML6025 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6025 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6025 input and 
output common mode voltage biases are generated on- 
chip. The ML6025 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6025 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 



5-338 



fi^, Micro Linear 



ML6025 



EQUALIZER FILTER 

The filter transfer function is composed of a second order 
numerator and a sixth order denominator. The low 
frequency attenuation is set internally to OdB. The 
numerator realizes two zeros symmetrical symmetrical to 
the imaginary axis, one in the left and the other in the 
right half plane. The location of the zeros is 
programmable. This realizes a digitally programmable 
pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 
The slimming level is controlled by 5 bits in the control 
register, thus providing 32 different choices between to 
10 dB. The denominator approximately realizes a 
maximally flat group delay (Bessel) function with a 
digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 
cutoff frequencies. 

SLIMMING LEVEL 

The slimming levels generated by the slimming bits are 
shown below. There are 5 bits of control, SO - S4. The 
typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at f c in dB is also 
given by the formula : 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 

where K = 0, 1, ...31 

CUTOFF FREQUENCY 

There are 6 bits in the control register that controls the 
position of the cutoff frequency, F0 - F5. The typical 
values of the cutoff (-3dB) frequency are shown in the 
table below for the case when SO - S4=0 (no slimming). 
There are a total of 64 frequencies available from 
1 3.5MHz down to 3.1 3MHz. Bits F1 - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit F0 is 
used to shift the whole frequency setting range by 5% 
lower than each of the 32 settings given by F1 - F5. This 
offers a scheme to increase the effective resolution of the 
cutoff frequency programmability. This feature is specially 
useful in the higher frequency range, where the 
granularity is coarse. 

For example : 

By setting F0 = 0, 

Cutoff frequency = 1 3.50 MHz with F5 - F1 = 00000 and 

Cutoff frequency = 1 2.27 MHz with F5 - F1 = 00001 , the 
next consecutive setting. 

Frequency delta between consecutive settings = 1 .23 
MHz or about 9% of 1 3.50 MHz. 

By setting F0 = 1 , we can shift the consecutive cutoff 
frequency settings as follows : 

Cutoff frequency = 1 3.50 MHz with (F5 - F1 , F0) = 
(00000, 0) 

Cutoff frequency = 12.82 MHz with (F5 - F1, F0) = 
(00000, 1) Delta = 0.68 MHz 



TABLE 1 : TABLE OF SLIMMING LEVEL 
PROGRAMMING VALUES 




S4 


S3 


S2 


S1 


SO 


K 


GAIN AT 
f C (dB) 


STEPS 
(dB) 




















-3.0 
















1 


1 


-2.4 


0.6 











1 





2 


-1.9 


0.5 











1 


1 


3 


-1.4 


0.5 








1 








4 


-0.9 


0.5 








1 





1 


5 


-0.4 


0.5 








1 


1 





6 


-0.0 


0.4 








1 


1 


1 


7 


0.4 


0.4 
















8 


0.8 


0.4 













1 


9 


1.2 


0.4 










1 





10 


1.5 


0.3 










1 


1 


11 


1.9 


0.4 







1 








12 


2.2 


0.3 







1 





1 


13 


2.5 


0.3 







1 


1 





14 


2.8 


0.3 







1 


1 


1 


15 


3.1 


0.3 
















16 


3.4 


0.3 













1 


17 


3.7 


0.3 










1 





18 


4.0 


0.3 










1 


1 


19 


4.2 


0.2 







1 








20 


4.5 


0.3 







1 





1 


21 


4.7 


0.2 







1 


1 





22 


5.0 


0.3 







1 


1 


1 


23 


5.2 


0.2 




1 











24 


5.4 


0.2 




1 








1 


25 


5.7 


0.3 




1 





1 





26 


5.9 


0.2 




1 





1 


1 


27 


6.1 


0.2 




1 


1 








28 


6.3 


0.2 




1 


1 





1 


29 


6.5 


0.2 




1 


1 


1 





30 


6.7 


0.2 




1 


1 


1 


1 


31 


6.9 


0.2 



Cutoff frequency = 12.27 MHz with (F5 - F1, F0) = 
(00001,0) Delta = 0.55 MHz 

Hence frequency delta between consecutive settings is 
lower, thus higher resolution. 

In the table 2 below, the cutoff frequencies are shown as 
two columns depending on the F0 bit being zero or one. 
The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 
the 5% frequency circuitry, the monotonicity between the 
two columns cannot be guaranteed. This is especially 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 
settings becomes very close (< 1 %). Further tuning of the 
cutoff frequency down to the 1 to 1 0% range can be 
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achieved by modifying the value of the external resistor 
from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below : 



13.5x(l-F0x0.05)^ 0Kohms ^ 
[l+0.1xlNT(N/2)] Rext 



MHz 



OUTPUT BUFFER 

The output buffer is the final stage of the ML6025 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1 .4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2 V. 



SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on faljmg edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). F0 should be 
shifted in first, and F13 (the power-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20m V. 



TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMING VALUES IN MHZ 



F5 


F4 


F3 


F2 


F1 


N 


fc with 
F0 = 


N 


fc with 
F0 = 1 




















13.5 

























1 


12.82 














1 


2 


12.27 


















1 






3 


11.66 











1 





4 


11.25 















1 









5 


10.69 











1 


1 


6 


10.38 















1 


1 






7 


9.87 
















8 


9.64 
























9 


9.16 













1 


10 


9.0 

















1 






11 


8.55 










1 





12 


8.44 














1 









13 


8.02 










1 


1 


14 


7.94 














1 


1 






15 


7.54 
















16 


7.50 
























17 


7.13 













1 


18 


7.11 

















1 






19 


6.75 










1 





20 


6.75 














1 


1 


22 


6.43 














1 









21 


6.41 







1 








24 


6.14 














1 


1 






23 


6.11 












1 


26 


5.87 























25 


5.83 









1 





28 


5.63 
















1 






27 


5.58 









1 


1 


30 


5.40 













1 









29 


5.34 


1 














32 


5.19 







F5 F4 


F3 


F2 


F1 


N 


fc with 
F0 = 


N 


fc with 
F0 = 1 


1 


1 


1 


1 






31 


5.13 


1 








1 


34 


5.00 






1 















33 


4.93 


1 





1 





36 


4.82 






1 








1 






35 


4.75 


1 





1 


1 


38 


4.66 






1 





1 









37 


4.58 


1 


1 








40 


4.50 






1 





1 


1 






39 


4.42 


1 







1 


42 


4.35 






1 














41 


4.28 


1 




1 





44 


4.22 






1 







1 






43 


4.14 


1 




1 


1 


46 


4.09 






1 




1 









45 


4.01 


1 1 











48 


3.97 






1 


1 


1 


1 






47 


3.89 










1 


50 


3.86 





















49 


3.77 







1 





52 


3.75 














1 






51 


3.66 







1 


1 


54 


3.65 











1 









53 


3.56 




1 








56 


3.55 








1 












55 


3.47 




1 





1 


58 


3.46 








1 












57 


3.38 




1 


1 





60 


3.38 








1 





1 






59 


3.29 




1 


1 


1 


62 


3.29 








1 


1 









61 


3.21 




1 


1 


1 






63 


3.13 



Note: N is the decimal value of the cutoff frequency bits (F5 - F0), in the control 
register 
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TIMING DIAGRAM 
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CS SETUP 

tsu-cs 


SCLK WIDTH 
M tpw-SCLK 


SCLK WIDTH CS HOLE 
tpw-SCLK tH-CS 
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SCLK 
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SDATA 
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tsu-SDATA 







1 

^ HOLD 

tH-SDATA 


1 
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SCLK HOLD 
tH-SCLK 



Figure 1 . 



CONTROL REGISTER DEFINITION 



F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 FO 



AZ PD R/W SLIMMING CONTROL 



FREQUENCY CONTROL 



AZ AutoZero 

PD Power Down 

R/W ReadAVnte 



1 = Autozero circuitry activated 

= Autozero circuitry inactive 

1 = Chip is in power down mode 

= Chip is fully powered up 

1 = Write data mode 
= Read data mode 



APPLICATIONS CIRCUIT/TEST SETUP 



0.47uf 



■ RLOAD 

dooon) 




, RLOAD 

(1000Q) 



Note: Decoupling capacitors need 
to be very close to the chip, 
to prevent oscillations. 
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REF LEVEL /DIV 

-15.000dB 5.000dB 

-15.000dB 5.000dB 



MARKER 3 385 752.200Hz 
MAG(UDF) -25.348dB 
MARKER 3 385 752.200Hz 
MAG(D4) -36.371dB 
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START 500 000.000Hz 



STOP 50 OOO.OOOHz 



Filter Response (Lowpass Output) 

Shown are the ML6025 filter response at three different 
cutoff frequency (f c ) settings. Setting 1 =3.13 MHz, 2 = 
6.75 MHz and 3 = 1 3.5 MHz. At each of the f c settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 



REF LEVEL /DIV 

-15.000dB 5.000dB 
-15.000dB 5.000dB 



1M 
START 500 000.000Hz 



MARKER 3 385 752.200Hz 
MAG(UDF) -25.270dB 
MARKER 3 385 752.200Hz 
MAG(D4) -36.157dB 











® 








© y 






"*> 














> 


\ 




'{ 


k 




/$Kj3 






\ 



































































































STOP 50 000.000Hz 



Filter Response (Bandpass Output) 

Shown are the ML6025 filter response at three different 
cutoff frequency (f c ) settings. Setting 1 =3.13 MHz, 2 = 
6.75 MHz and 3 = 1 3.5 MHz. At each of the f c settings, 
the filter response is shown with no slimming (A) and with 
full slimming (B) activated. 



REF LEVEL /DIV 

40.000nSEC I.OOOnSEC 
40.000nSEC I.OOOnSEC 



MARKER 10 415 500.00Hz 
DELAY (UDF) 39.387nSEC 
MARKER 10 415 500.000Hz 
DELAY (UDF) 39.41 3nSEC 









































































VOH 














/ 




-Vol 


C 


D 
































"S 














\ 


\ 


-Voh 


















^V 


Vol 































REF LEVEL /DIV 
-90.000deg LOOOdeg 








MARKER 13 632 170.100Hz 
PHASE (UDF) -89.709deg 
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START 100 000.000Hz 
AMPTD 50.1 19mV 



STOP 50 000.000Hz 
DELAY APER 2.392MHz 



1M 
START 500 000.000Hz 



STOP 50 000.000Hz 



ML6025 Filter/Equalizer group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (Vol.) and bandpass (Voh) outputs, 
at an f c of 1 3.5 MHz, with no slimming activated (A) and 
full slimming activated (B). It can be seen that the group 
delay tracking between the lowpass and bandpass outputs 
is well within 1 ns. 



Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1 ° for a 
frequency range of 50 MHz to 10 MHz. 



ML6025 FILTER/EQUALIZER CHARACTERISTICS 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6025CR 


0°C to +70°C 


20-Pin SSOP (R20) 
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36 Mbps Read Channel Filter/Equalizer 



GENERAL DESCRIPTION 

The ML6026 is a monolithic analog filter/equalizer 
intended for hard disk drive read channel applications, 
capable of handling disk data rates upto 36Mbits/s, with 
an operating power dissipation of less than 350mW. Its 
architecture consists of a continuous type filter based on a 
transconductor and a high speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics, thus realizing a 
family of frequency response curves optimized for disk 
drive read channel equalization. It consists of a 
programmable 6-pole 2-zero lowpass filter stage, two 
pairs of high-speed drivers, and a serial microprocessor 
interface. The poles of the transfer function approximate a 
maximally flat group delay (Bessel) response, whereas the 
symmetric zeros provide the high-frequency boost 
necessary for pulse slimming. The cutoff frequency range 
is determined by Rext, which is inversely proportional to 
the frequency. The user can independently adjust both the 
corner frequency, as well as the slimming level. The 
desired frequency response is programmed by a 14-bit 
serial input data stream which includes one bit for power- 
down, one bit for read/write control, and one bit for auto- 
zero control. External control for disabling the slimmer 
during servo sections is also provided. The ML6026 is 
well suited for constant density recording systems (Zoned- 
bit recording) as well as for constant data rate systems. A 
24 Mbits/s version, ML6025 is also available. 



FEATURES 

■ 6-pole, 2-zero continuous time filter with < -45dB 
harmonic distortion 

■ Disk Data rates up to 36 Mbit/s 

■ Programmable filter cutoff frequency 

(4.3:1 range in 64 steps) 
(f c = 4.69 to 20.25 MHz) 

■ 32 step programmable pulse slimming equalization, 
OtolOdB boost at f c . 

■ Power-down, Auto-zero, RAV modes programmable 
through bits in the Control Register 

■ Lowpass output and Differentiated Lowpass (Bandpass) 
output provided. 

■ Fully I/O balanced architecture with TTL/CMOS 
compatible interface 

■ High speed (upto 25MHz clock) three wire serial 
microprocessor interface 

■ Double buffered data latch for synchronous or 
asynchronous data loading. 

■ Single 5V ± 1 0% power supply 

■ 0°C - 70°C operating temperature 

■ Available in 20-pin SSOP package. 

■ 4 GHz/1 .5jli BiCMOS process 

■ Power Dissipation: P opr = 350mW, P dn = 7.5mW 

■ Evaluation board available (ML602XEVAL) 



BLOCK DIAGRAM 
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PIN CONNECTION 



20-Pin SSOP 


volp nc 


1 


20 


U VOHP 


VOLM [X 


2 


19 


XI VOHM 


VCC2 CX 


3 


18 


XJ SCLK 


GND LX 


4 


17 


XI SDATA 


GDN CX 


5 


16 


X] NC 


NC CX 6 


15 


XI CS 


VINP CX 7 


14 


X] FBST 


VINM CX 


8 


13 


X] vcci 


GND CX 


9 


12 


X] NC 


REXT CX 


10 


11 


XI GND 



TOP VIEW 



PIN DESCRIPTION 



PIN# 


NAME 


FUNCTION 


1 
2 


VOLP 
VOLM 


Normal Lowpass outputs 


3 


VCC2 


Positive supply for the output 
drivers, 5V± 10% 


4,5, 
9, 11 


GND 


Ground 


7 
8 


VINP 
VINM 


Signal Inputs 



PIN# 



NAME 



FUNCTION 



1 REXT A 1 0K resistor between this pin and 

ground sets the filters corner 
frequency 

1 3 VCC1 Positive supply, 5V ± 1 0% 

14 FBST Slimmer Enable pin. A high input 

level allows normal operation of the 
filter. A low level input disables the 
slimmer, resulting in OdB boost. 
A TTL input 



15 



19 
20 

6, 12, 
16 



CS 



1 7 SDATA 

1 8 SCLK 



VOHM 
VOHP 

NC 



Control Register Enable. A logical 
low level allows the SCLK input to 
clock data into the control register 
via the SDATA input line. A logical 
high level latches the control 
register contents and issues the 
information to the appropriate 
circuitry. A TTL input. 

Control Register Data. A TTL input 

Control Register Clock. Negative 
edge triggerred control register 
clock input. A TTL input. 

Differentiated lowpass outputs 



No Connects, reserved for future 
use. 



TRANSFER FUNCTION 

The transfer function is: (modified Bessel) 



1 k SL xs2 



Q2 XC0 02 



»§i Qi xco c 



-+1 



|^cog 2 Q 2 xco 02 



-+1 



{(0l 3 Q3XCO03 



-+1 



Where: s = jco 

k SL = to 7.75 

fa = 1 .607 

Qt =0.51 

f 02 = 1 -908 

Q 2 = 1 .02 

f 03 = 1 .692 

Q 3 =0.611 

C0 1 =(27cf C )*f 1 

©02 = (2rcfc) f 02 
©03 = (2rcfc) fo3 
fc = corner frequency 
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ABSOLUTE MAXIMUM RATINGS 

VCC1 , VCC2 _. +6.5 volts 

VINP, VINM, REXT, CS, SCLK, 

SDATA, RA/V GND-0.3VtoVCC1 + 0.3V 

VOLP, VOLM, 

VOHP, VOHM GND - 0.3V to VCC2 + 0.3V 

Input Current per pin ± 25 mA 

Package Dissipation 

at Ta = 25°C (Surface Mount) 1 .5 Watts 

Junction Temperature +150°C 

Storage Temperature -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec) 260°C 



OPERATING CONDITIONS 

VCC1 =VCC2 + 5 volts ± 10% 

VIN = (VINP-VINM) 1 Vp-p 

Rext 10Kohms 

Serial Clock Frequency (SCLK) < 25 MHz 

AC Coupling Capacitors > 0.0001 uf 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions, unless otherwise stated. Please refer to the 
application/test setup digram: 

VCC1 = VCC2 = 5 volt ± 1 0%, T a = 0°C to 70°C, Rext = 1 Kohms 

VIN = (VINP - VINM) = 1 Vp-p sinewave input 

VOL = (VOLP - VOLM) and VOH = (VOHP - VOHM) 

Input and Output coupling capacitors = 0.47 uf 

RB1 = 750 ohms (pins 1 & 2), RB2 = 750 ohms (pins 19 & 20) 

RL = 1 000 (1 000) ohms and CL = 50 (50) pF on pins 1 (1 9) and 2 (20) 

Serial Clock Frequency = 20 MHz, Power Down, Read/Write bits = 0, Auto Zero = 1 

Digital timing measured at 1 .4V midpoint 

Input control signals from 1 0% - 90% of VCC1 with (t r = tf ) < 5 ns. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


DC CHARACTERISTICS 


Ice 


VCC Supply Current 


RB1 = RB2 = INF 




70 


87 


mA 


Ipd 


Standby Current 


VIN = 




1.5 


1.75 


mA 


DIGITAL INPUT CHARACTERISTICS (SCLK, SDATA, CS) 


VIL 


Low Voltage 








0.8 


V 


VI H 


High Voltage 




2.2 






V 


IIH 


High Current 








1.0 


uA 


ML 


Low Current 








-1.0 


uA 


ON 


Input Capacitance 






5 




pF 


DIGITAL TIMING CHARACTERISTICS (SCLK, SDATA, CS) 


tpw - CS 


Width of CS, High/Low 




25 






ns 


tsu-SDATA 


SDATA Setup time to SCLK 




15 






ns 


t H -SDATA 


SDATA Hold Time 




5 






ns 


tsu-CS 


CS Setup Time to SCLK 




15 






ns 


t H -CS 


CS Hold Time to SCLK 











ns 


tpH-SCLK 


SCLK Pulse Width 




20 






ns 


t H -SCLK 


CS Inactive to SCLK Active 




125 






ns 
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ELECTRICAL CHARACTERISTICS 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



EQUALIZER (NORMAL AND LOWPASS OUTPUT) 



ANALOG 



ML6026 



MAX 



UNITS 



AG 


Absolute Gain 


S0-S4 = 0, F0-F5 = at 0.5MHz 


-1.5 


-0.5 


0.5 


dB 


CF 


Cutoff Frequency, -3dB ±1 .5 
(f ref = 0.5MHz) 


S0-S4 = 0, (no slimming) 

F5 F4 F3 F2 F1 F0 (f c ) 

















18.23 


20.25 


22.28 


MHz 






1 


17.32 


19.24 


21.16 


MHz 






10 


16.57 


18.41 


20.25 


MHz 






1 


15.19 


16.88 


18.57 


MHz 






10 


13.01 


14.46 


15.91 


MHz 






10 


10.13 


11.25 


12.38 


MHz 






1 


7.01 


7.79 


8.57 


MHz 






111111 


4.22 


4.69 


5.16 


MHz 


SL 


Slimming Level 

(Gain at CF Referred to AG, 


F0-F5 = 0; at CF 

S4 S3 S2 S1 SO 












Vout = 1 Vp-p 


1 


0.4 


0.6 


1.6 


dB 






10 


0.1 


1.1 


2.1 


dB 






10 


1.1 


2.1 


3.1 


dB 






10 


2.8 


3.8 


4.8 


dB 






10 


5.4 


6.4 


7.4 


dB 






11111 


8.9 


9.9 


10.9 


dB 


GD 


Diff Group Delay 


0.3f c < f < f C/ F0-F5 = 0, Note 2 






±5 


% 


HD 


Harmonic Distortion 
Second and Third related 


F0-F5 = 0, 

Vout = 1 .5Vp-p, Fin = 1 3.5MHz 












to Fundamental 


S0-S4 = (no slimming) 

S0-S4 = 1 (full slimming), Note 1 






-45 
-40 


dB 
dB 


ICN 


Idle Channel Noise 


F0-F5 = 0, VOLP 












(VIN = 0, DC-78MHz) 


S0-S4 = (no slimming) 

S0-S4 = 1 (full slimming), Note 1 






2 
6 


mVrms 
mVrms 


DR 


Dynamic Range 


F0-F5 = 0, Fin = 13.5MHz 












(Signal/(Noise + Distor)) 


S0-S4 = (no slimming) 






-41 


dB 




(Signal = 1Vp-p) 


S0-S4 = 1 (full slimming), Note 1 






-35 


dB 


PSRR 


Power Supply Rejection 


1 00m Vp-p sinewave on Vcc 
F0-F5 = 0, S0-S4 = 0, Vin = 
Fin = 1 .0MHz 
Fin = 40MHz 




40 
30 




dB 
dB 


DELPHI 


Phase Shift between LP 


ANF / sandS's = 












and HP Output 


Vin = 1Vp-p, Fin = 13.5MHz 


87.5 


90 


92.5 


Degree 



VIP 


Input Signal Monotonicity 


All F's and S's = 0, (VINP - VINM) 
Fin = 13.5MHz 




1 


2 


Vp-p 


RID 


Differential Input Resistance 


VIN = 100m Vp-p at 10MHz 


1.6 


2 


2.5 


Kohms 


CID 


Differential Input Capacitance 


VIN = 100m Vp-p at 10MHz 




5 




PF 


ZIC 


Common-mode 
Input Impedence 






1 




Kohms 


VOS 


Output Offset Voltage 


Differential VOLP or VOHP 
Auto Zero ON (S0-S4 = or 1 ) 
Auto Zero OFF (S0-S4 = 0) 
Auto Zero OFF (S0-S4 = 1) 






±10 
±500 
±500 


mV 
mV 
mV 
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ELECTRICAL CHARACTERISTICS 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


ANALOG (Continued) 


ROD 


Output Resistance 


Differential VIN = 0; at 10MHz 




5 




Ohms 


COD 


Output Capacitance 


Differential VIN = 0; at 10 MHz 




8 




PF 


ROC 


Output Resistance 
Common Mode 


Common mode 
VIN = 0;at10MHz 




5 




Ohms 


COC 


Output Capacitance 
Common Mode 


Common mode 
VIN = 0; at 10MHz 




15 




pF 


CLSE 


Load Capacitance 


VOLP; RB1 = 750 ohms 
VOHP; RB2 = 750 ohms 






50 
50 


PF 
pF 


RLSE 


Load Resistance 


VOLP 
VOHP 


400 
400 






Ohms 
Ohms 


RLOZ 


Input Resistance 


Diff; PD and/or RW bit = 1 






350 


Ohms 


'OB 


Output Buffer Bias Current 


VOLP or VOHP, VOLM or VOHM 


1 


1.4 




mA 


'osc 


Short Circuit Output Current 


VOLP or VOHP, VOLM or VOHM 




44 


60 


mA 


Note 1 : These parameters are guaranteed by characterization only. 

Note 2: Tested only at max fc setting, however this parameter is guaranteed by characterization over the entire range 



FUNCTIONAL DESCRIPTION 

INTRODUCTION 

Many of the high-frequency continuous-time filters have 
principally utilized a basic integrator consisting of a 
transconductance stage driving a passive integrating 
capacitor. These approaches are susceptible to frequency 
response variations due to the parasitic capacitances 
associated with the parasitic-sensitive output nodes of the 
integrator. This type of transconductance stage also often 
has low open-circuit voltage gain, resulting in limited 
practical Q range in the filter. The use of an active 
parasitic-insensitive integrator, has generally been avoided 
in these filters because of the additional excess phase that 
the amplifier contributes. 

The ML6026 is a continuous-time filter based on a 
transconductor and a high-speed parasitic free active 
integrator, allowing complete independence of the filter 
response from interconnect parasitics and a very wide 
range of realizable filter Q. A unique approach to 
cancelling the excess phase contributed by the hi-speed 
BiCMOS amplifier allows this filter to achieve 
reproducible responses at 20 MHz filter bandwidth in a 
1 .5jj/4GHz BiCMOS process. This active integrator 
incorporates a novel technique for setting the 
transconductance Gm value as a function of an external 
precision resistor, independent of temperature, supply, in 
conjunction with a wafer-sort trim technique to adjust 
capacitor process tolerances, thus eliminating the need for 
an on-chip PLL for tuning. 

The ML6026 filter consists of a 6 th order Bessel low-pass 
and a 2 n d order cosine equalizer stage. It is made up of 
three biquads with lowpass and bandpass outputs. Both 
outputs of the last stage are available with matched group- 
delay characteristics. The corner frequency is digitally 



programmable to 64 values over a 4 to 1 range, through 
the serial microprocessor interface. This is accomplished 
internally by changing the integrating capacitor value. 
Slimming equalization is done by digitally programming 
two real-symmetric zeroes, through the serial 
microprocessor interface. This boosts the high frequency 
response in 32 steps from to 1 dB. The slimmer can 
also be instantly disabled through an external pin. 

In a typical application, the ML6026 is used together with 
a pulse detector such as the ML541 , ML4041 or the 
ML8464 , making up a section of the AGC loop. Thus, the 
output of the AGC amplifier is AC coupled to the ML6026 
input and the output of the ML6026 is AC coupled not 
only to the rectifier input thus closing the AGC loop, but 
also to the pulse detector input. The ML6026 provides two 
sets of fully balanced outputs. The lowpass outputs and 
the differentiated lowpass outputs. The ML6026 input and 
output common mode voltage biases are generated on- 
chip. The ML6026 consists of an input common bias 
circuit, a programmable continuous type equalizer filter 
with normal and differentiated lowpass outputs, followed 
by output buffers, and a high speed serial microprocessor 
interface. The ML6026 processes only differential input 
signals, common mode inputs are rejected. The output 
should also be taken differentially in order to obtain the 
best performance. 

INPUT COMMON MODE 

The input common mode bias consists of two resistors as 
shown in the block diagram, and a buffer which biases the 
center point with a well defined voltage required by the 
internal circuitry. These resistors are 1000 Ohms each and 
together with the external coupling capacitor define the 
lower corner frequency of the transfer function. 



5-348 



tf^, Micro Linear 



ML6026 



EQUALIZER FILTER 

The filter transfer function is composed of a second order 
numerator and a sixth order denominator. The low 
frequency attenuation is set internally to OdB. The 
numerator realizes two zeros symmetrical symmetrical to 
the imaginary axis, one in the left and the other in the 
right half plane. The location of the zeros is 
programmable. This realizes a digitally programmable 
pulse slimming function in order to overcome intersymbol 
interference and thus contribute to increasing bit density. 
The slimming level is controlled by 5 bits in the control 
register, thus providing 32 different choices between to 
10 dB. The denominator approximately realizes a 
maximally flat group delay (Bessel) function with a 
digitally programmable corner frequency controlled by 6 
bits in the control register, thus providing 64 different 
cutoff frequencies. 

SLIMMING LEVEL 

The slimming levels generated by the slimming bits are 
shown below. There are 5 bits of control, SO - S4. The 
typical gain of the equalizer at the cutoff frequency is 
shown in the table below. The gain at f c in dB is also 
given by the formula : 

Gain (dB) = 20 x Log (0.707 x (1 + 0.06868 x K)) 

where K = 0, 1,.. .31 

CUTOFF FREQUENCY 

There are 6 bits in the control register that controls the 
position of the cutoff frequency, F0 - F5. The typical 
values of the cutoff (-3dB) frequency are shown in the 
table below for the case when SO - S4=0 (no slimming). 
There are a total of 64 frequencies available from 
20.25MHz down to 4.69MHz. Bits F1 - F5 will select one 
of 32 frequency settings in a monotonic fashion. Bit F0 is 
used to shift the whole frequency setting range by 5% 
lower than each of the 32 settings given by F1 - F5. This 
offers a scheme to increase the effective resolution of the 
cutoff frequency programmability. This feature is specially 
useful in the higher frequency range, where the 
granularity is coarse. 

For example : 

By setting F0 = 0, 

Cutoff frequency = 20.25 MHz with F5 - F1 = 00000 and 

Cutoff frequency = 1 8.41 MHz with F5 - F1 = 00001 , the 
next consecutive setting. 

Frequency delta between consecutive settings = 1 .84 
MHz or about 9% of 20.25 MHz. 

By setting F0 = 1 , we can shift the consecutive cutoff 
frequency settings as follows : 

Cutoff frequency = 20.25 MHz with (F5 - F1 , F0) = 
(00000, 0) 

Cutoff frequency = 19.24 MHz with (F5 - F1, F0) = 
(00000, 1) Delta = 1.01 MHz 



TABLE 1 : TABLE OF SLIMMING LEVEL 
PROGRAMMING VALUES 




S4 


S3 


S2 


SI 


so 


K 


GAIN AT 
f C (DB) 


STEPS 
(DB) 




















-3.0 
















1 


1 


-2.4 


0.6 











1 





2 


-1.9 


0.5 











1 


1 


3 


-1.4 


0.5 








1 








4 


-0.9 


0.5 








1 





1 


5 


-0.4 


0.5 








1 


1 





6 


-0.0 


0.4 








1 


1 


1 


7 


0.4 


0.4 
















8 


0.8 


0.4 













1 


9 


1.2 


0.4 










1 





10 


1.5 


0.3 










1 


1 


11 


1.9 


0.4 







1 








12 


2.2 


0.3 







1 





1 


13 


2.5 


0.3 







1 


1 





14 


2.8 


0.3 







1 


1 


1 


15 


3.1 


0.3 
















16 


3.4 


0.3 













1 


17 


3.7 


0.3 










1 





18 


4.0 


0.3 










1 


1 


19 


4.2 


0.2 







1 








20 


4.5 


0.3 







1 





1 


21 


4.7 


0.2 







1 


1 





22 


5.0 


0.3 







1 


1 


1 


23 


5.2 


0.2 




1 











24 


5.4 


0.2 




1 








1 


25 


5.7 


0.3 




1 





1 





26 


5.9 


0.2 




1 





1 


1 


27 


6.1 


0.2 




1 


1 








28 


6.3 


0.2 




1 


1 





1 


29 


6.5 


0.2 




1 


1 


1 





30 


6.7 


0.2 




1 


1 


1 


1 


31 


6.9 


0.2 



Cutoff frequency = 18.41 MHz with (F5 - F1, F0) = 
(00001,0) Delta = 0.83 MHz 

Hence frequency delta between consecutive settings is 
lower, thus higher resolution. 

In the table 2 below, the cutoff frequencies are shown as 
two columns depending on the F0 bit being zero or one. 
The monotonicity is guaranteed within the individual 
frequency columns, however because of the limitations of 
the 5% frequency circuitry, the monotonicity between the 
two columns cannot be guaranteed. This is especially 
significant at the lower end of the frequency range, where 
the difference in frequencies between the two column 
settings becomes very close (< 1 %). Further tuning of the 
cutoff frequency down to the 1 to 1 0% range can be 
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achieved by modifying the value of the external resistor 
from its ideal 10 Kohms value by 1 to 10%, which shifts 
the whole response. Larger changes are not recommended 
for proper operation of the filter. The corner frequency is 
given by the formula outlined below : 



20.25x(1-FOx0.05) x ioKphms 



[l+0.1xlNT(N/2)] Rext 



MHz 



OUTPUT BUFFER 

The output buffer is the final stage of the ML6026 for both 
the normal and differentiated outputs. This is a fully 
differential buffer with unity gain. Only 1 .4 mA of sinking 
current is provided on chip. More drive can be obtained 
by connecting external resistors to ground. The common 
mode output voltage is typically 2V. 



SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. It consists of a fourteen bit serial 
shift register with a double bufferred latch for synchronous 
and asynchronous loading. A timing diagram and the 
control word definition are shown below. The 14-bit data 
word present on the SDATA line is serially shifted into the 
register on faljmg edges of the serial shift clock, SCLK, 
provided the CS pin is active (logical zero). F0 should be 
shifted in first, and F13 (the power-down bit) shifted in last 
as shown below. When the CS pin is inactive (logical 
one), SDATA and SCLK are ignored, and the previously 
shifted information is latched at the rising edge of CS 
becoming inactive (logical one). It is reccommended that 
the SCLK input be kept inactive low till such time when it 
is in use. The SCLK input can run upto speeds of 25 MHz. 
The Autozero function, if enabled, minimizes the offsets at 
the filter outputs to 20m V. 



TABLE 2: TABLE OF CUTOFF FREQUENCY PROGRAMMI NG VALUES IN MHZ 

fc with fc with 

F5 F4 F3 F2 F1 N F0 = N F0 = 1 



















20.25 











18.41 







16.88 







15.58 



32 



7.79 



19.24 



17.49 



16.03 









1 


1 






7 


14.80 





1 








8 


14.46 









1 












9 


13.74 





1 





1 


10 


13.50 









1 





1 






11 


12.83 





1 


1 





12 


12.66 









1 


1 









13 


12.02 





1 


1 


1 


14 


11.91 









1 


1 


1 






15 


11.32 















16 


11.25 






















17 


10.69 











1 


18 


10.66 















1 






19 


10.13 








1 





20 


10.13 












1 


1 


22 


9.64 












1 









21 


9.62 





1 








24 


9.20 









I 


1 


1 






23 


9.16 










1 


26 


8.80 





















25 


8.74 







1 





28 


8.44 














1 






27 


8.36 







1 


1 


30 


8.10 











1 









29 


8.02 



F5 F4 


F3 


F2 


F1 


N 


fc with 
F0 = 


N 


fc with 
F0 = 1 


1 


1 


1 


1 






31 


7.70 


1 








1 


34 


7.50 






1 















33 


7.40 


1 





1 





36 


7.23 






1 








1 






35 


7.12 


1 





1 


1 


38 


6.98 






1 





1 









37 


6.87 


1 


1 








40 


6.75 






1 





1 


1 






39 


6.63 


1 







1 


42 


6.53 






1 














41 


6.41 


1 




1 





44 


6.33 






1 







1 






43 


6.21 


1 




1 


1 


46 


6.14 






1 




1 









45 


6.01 


1 1 











48 


5.96 






1 


1 


1 


1 






47 


5.83 










1 


50 


5.79 





















49 


5.66 







1 





52 


5.63 














1 






51 


5.50 







1 


1 


54 


5.47 











1 









53 


5.34 




1 








56 


5.33 








1 












55 


5.20 




1 





1 


58 


5.19 








1 












57 


5.06 




1 


1 





60 


5.06 








1 





1 






59 


4.93 




1 


1 


1 


62 


4.94 








1 


1 









61 


4.81 




1 


1 


1 






63 


4.69 



N is the decimal value of the cutoff frequency bits (F5 - F0), in the control 
register 
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TIMING DIAGRAM 



CS SETUP 

tsu-cs 



SCLK WIDTH 
tpw-SCLK 



CSHOLD 
tH-CS 



— *- 




SCLK WIDTH 
M tpw-SCLK 




>) 




**— 






-* 






























-^ 




s< 














(( 












X 















































1 1 





1 





SETUP 

tsu-SDATA 




—^ 




^ HOLD 

tH-SDATA 




u 

















SCLK HOLD 
tH-SCLK 



Figure 1 . 



CONTROL REGISTER DEFINITION 



F13 F12 F11 F10 F9 F8 F7 F6 F5 F4 F3 F2 F1 FO 



AZ PD RW SLIMMING CONTROL 



FREQUENCY CONTROL 



AZ 


AutoZero 


1 = Autozero circuitry activated 
= Autozero circuitry inactive 


PD 


Power Down 


1 = Chip is in power down mode 
= Chip is fully powered up 


RW 


ReadAVnte 


1 = Write data mode 
= Read data mode 



APPLICATIONS 



0.47uf 

HI 



I RLOAD 
(1000Q) 




Note: Decoupling capacitors need to be 
very close th the chip to prevent 
any oscillations. 
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REF LEVEL /DIV 
-40.000dB 5.000dB 






MARKER 4 891 
MAG (UDF) 


251.000Hz 
-35.929dB 
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Q. 




<S> 
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r 
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REF LEVEL /DIV MARKER 4 891 251.000Hz 

-40.000dB 5.000dB MAG (UDF) -45.326dB 



















y)*\ 


A'\ 






























df** 




w 

































































1M 
START 500 000.000Hz 

1 Fc = 4.69 MHz 
SLIM = MAX 

2 Fc = 4.69 MHz 
SLIM = MIN 



10M 
STOP 50 000 . 000Hz 

3 Fc = 20.25 MHz 
SLIM = MAX 

4 Fc = 20.25 MHz 
SLIM = MIN 



1M 
START 500 000 . 000Hz 

1 Fc = 4.69 MHz 
SLIM = MAX 

2 Fc = 4.69 MHz 
SLIM = MIN 



10M 
STOP 50 000 000 . 000Hz 

3 Fc = 20.25 MHz 
SLIM = MAX 

4 Fc = 20.25 MHz 
SLIM = MIN 



Filter Response (Lowpass Output) 

Shown are the ML6026 filter response at the two extreme 
cutoff frequency (f c ) settings. At each of the f c settings, the 
filter response is shown with no slimming and with full 
slimming activated. 



Filter Response (Bandpass Output) 

Shown are the ML6026 filter characteristic curves for the 
bandpass output, with no slimming and fuii slimming 
activated. 



REF LEVEL /DIV 
30.000nSEC LOOOnSEC 
30.000nSEC1.000nSEC 



MARKER 8 771 000.000Hz 
DELAY (UDF) 30.253nSEC 
MARKER 8 771 000.000Hz 
DELAY (D4) 30.228nSEC 



REF LEVEL /DIV 
-90.000deg I.OOOdeg 



MARKER 37 124 938.200Hz 
PHASE (UDF) -91.717deg 







START 100 000.000Hz 
AMPTD50.119mV 



STOP 30 000 000.000Hz 
DELAY APER 2.392MHz 



1M 
START 500 000 . 000Hz 



10M 
STOP 50 000 000.000Hz 



ML6026 Filter/Equalizer Group Delay Tracking 

Shown are the curves to demonstrate group delay tracking 
between the lowpass (Vol) an d bandpass (Vqh) outputs, 
with no slimming activated (min) and full slimming 
activated (max). It can be seen that the group delay 
tracking between the lowpass and bandpass outputs is 
well within 1 ns. 



Phase Difference between Lowpass 
and Bandpass Outputs 

Shown is the delta in the phase between the lowpass and 
bandpass outputs. Ideally the bandpass output should be 
-90°. The curve shows that this is within 1° for a 
frequency range of 50 MHz to 1 MHz. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6026CR 


0°C to +70°C 


20-Pin SSOP (R20) 
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5V Spindle Motor Controller and Driver 



GENERAL DESCRIPTION 

The ML6035 is a 5 volt brushless motor controller and 
driver. The circuit provides three phase sensorless 
commutation and speed control. A digital commutation 
circuit including digital delay with adjustable phase 
advance is included. The circuit also has three 1 A 
complementary output drivers each with a typical on 
resistance of one half ohm (or one ohm total). An 
additional P-channel power device is provided to pull up 
the motor neutral for unipolar operation. Bipolar or 
unipolar start with'either bipolar run or unipolar run is 
supported with mode switching. A serial bus is provided 
to minimize the use of dedicated pins and to provide for 
more command functions. Both internal speed control and 
external speed control (from sector data) are supported. 
Sensorless commutation is provided using back EMF zero 
crossing information. The chip has been designed for 
maximum flexibility to permit custom start and run 
algorithms to be used. 



FEATURES 

■ Power drivers on chip (1 A max at 1 ohm) 

■ Vcc decoupling diode not required 

■ Unipolar and bipolar operation supported 

■ Digital speed control loop on chip with external PID 
filter or supports sector data speed control 

■ Digital commutation circuit including digital delay with 
adjustable phase advance 

■ Serial bus for loading necessary motor information, 
phase advance desired, motor speed, etc. 

■ Supplies retract voltage with on-chip schottky diodes 

■ Serial interface compatible with 3V logic 

■ Supplies tach output 

■ Sleep mode (Ice = 1 OOliA max) 

■ Brake pin with adjustable delay to permit back EMF 
to be used for retract. Brake also accessible from the 
serial bus 

■ Output slope or slew rate control to minimize 
flyback pulses 

■ Able to recover from momentary power interruptions 
without stopping the motor for a complete restart 



BLOCK DIAGRAM 

RSLEW D^ 

VccQ 1 

DATAoUT □ 
DATAin Q 
BUSCLK Q 

chip-select q 
resetQ 



EA-D 
EAOUT CK^ 



BUFPID Q^ 
PIDFLT CH 
SYSTEM-CLK Q^- 



EA+Q 
TACHQUT □"*— 




^-Q BRAKE 
Q CBRAKE 



□ VCC2 

□ MOTOR-OFF 

Q OUT A 

n <> ut b 

D OUTc 



11, 12, 13 r | — | D 



Q NEUTRAL 



■Q RETRACT 
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PIN CONNECTION 



2 1 

2 £ O Q Q Q |h 

5 S z z z z ft 

2 > a o o o ffi 

5 Si a. a. a. a. \u 

y n n n n n n n 

/32 31 30 29 28 27 26 



TACHoUT [ 1 

EANin [ 2 

PIDFILT [J 3 

VCC [4 

EAoUT £ 5 

BUFPID [ 6 

RSLEW [ 7 

Vcc2 C 8 



ML6035 
32-Pin TQFP 



9 10 11 12 13 14 15 

u u u u u u u 



24 D BUSCLK 
23 H DATAin 
22 J DATAoUT 
21 1 BRAKE 
20 ]] CBRAKE 

19 Ueapin 
18 h retract 

17lv CC 2 



trt: z z z z < hr 



PIN DESCRIPTION 



PIN NO. NAME DESCRIPTION 



PIN NO. NAME DESCRIPTION 



1 TACHqut 



2 EAN, N 

3 PIDFILT 



4 V CC 

5 EAqut 

6 BUFPID 

7 R SLEW 

8 V CC 2 

9 OUT A 

10 OUT B 

11,12 Pgnd 
13,14 

1 5 Neutral 



16 OUT c 

17 V CC 2 



Tach output signal. This pin generates 
an indication of motor speed. Control 
bit D3P can be programmed for 
tach-out = 1 pulse per rev. (divide by 
N active) or raw zero crossing 
(divide by N in-active) 

Error amplifier inverting input 

This dual purpose pin is used either for 
an external PID filter for the internal 
charge pump speed control circuit or 
if the charge pump is disabled by 
serial bus command it is used as an 
input for sector data. 

Main supply pin V = 5V nominal 

Independent output from the error 
amplifier 

Output of the PID buffer amplifier 

Slew Adjust Resistor 

Power Vcc 

Output to drive motor phase A 

Output to drive motor phase B 

Main ground and thermal heat 
conductor 

In a delta wound motor this pin forms 
a phantom neutral for the zero 
crossing comparators. In a Y wound 
motor the neutral from the motor is 
connected here. 

Output to drive motor phase C 

Power Vcc 



19 EAPIN 

20 CBRAKE 



21 BRAKE 

22 DATAOUT 

23 DATAIN 

24 BUSCLK 



25 CHIPSEL 



1 8 RETRACT This pin supplies the raw rectified 
back-emf voltage from the motor 
(as it spins down) to retract the heads 
in a disk drive. 

Error amp non-inverting input 

A capacitor on this pin stores the 
energy required by the chip to actuate 
the gates of the output devices and 
brake the motor during a power fail 
condition 

This pin is normally at 5V. 
At Vjh = 1 -2V braking will occur. 
Serial data output. Vqh = 2.9 ± 0.3V 
Serial data input. Vjh = 1 -4V 
Serial bus clock. F < 20MHz 

Chip select. A logical low level allows 
the Bus-Clk to clock data into the shift 
registers via data-in input; falling 
edge latches commutation states 
for read out 

Reset. A logic low level on the reset 
will set the control registers to zero 
and force the part into sleep mode 

Main ground and thermal heat sink 

System clock. A square wave clock at 
2MHz is suggested. An internal 
prescaler is used to normalize the 
frequency based on # of poles. 

32 MOTOROFF Bi-directional I/O pin. Upon reset this 
pin is configured as an input to allow 
microprocessor to turn the motor on or 
off. If over temp occurs, the motor will 
turn off and this pin is pulled low. 



26 RESET 



27,28 P CND 
29,30 

31 SYSTEM-CLK 
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ABSOLUTE MAXIMUM RATINGS 



OPERATING CONDITIONS 



Vcci/ Vcc2/ +6.5V 

OUT A/ OUT B/ OUT c GND - 0.3V to V CC 2 + 4.5V 

All other pins GND - 0.3V to V ca + 0.3V 

Output Current, OUTA, B, C ±1A 

Input Current per pin ±25mA 

Package Dissipation at T A = 25°C (board mount) . 1 .5 Watt 

Junction Temperature +150°C 

Storage Temperature -65 to+150°C 

Lead Temperature (Soldering 10 sec) +260°C 



V CC1 = V CC2 

Serial Clock Frequency. 



.+5V±10% 
....<20MHz 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions (unless otherwise stated): 



D V C ci =V CC 2 = 5V±10%, 

2) T A = 0°C to 70°C 

3) Serial clock frequency = 20MHz (TBD) 



4) System clock frequency = 2MHz 

5) Digital timing measured at 1.4V threshold. 

6) PD = logic zero. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


DC CHARACTERISTICS 


Vcc 


Ckt supply voltage 


Operating 


4.5 


5.0 


5.5 


V 


VcC2 


Pwr supply voltage 


Operating 


4.5 


5.0 


5.5 


V 


! C C 


V cc current 


PIN7 = LOW 




6 


10 


mA 


'PD 


Sleep current 








100 


uA 


Vcc 


Power fail 




3.8 


4.0 


4.25 


V 


VCC2 


Power fail 




3.8 


4.0 


4.25 


V 


DIGITAL INPUT CHARACTERISTICS 


V|L 


Low voltage 








0.8 


V 


V, H 


High voltage 




2.0 






V 


l|H 


High current 








+1 


MA 


IlL 


Low current 








-1 


uA 


C|N 


Input capacitance 






5 




pF 


DIGITAL OUTPUT CHARACTERISTICS 


VOH 


High voltage 


Iout = 1 mA 




2.9 ± 0.3V 




V 


Vol 


Low voltage 


Iqut = 1 mA 




0.4 


0.8 


V 


DIGITAL TIMING CHARACTERISTICS 


tcss 


Chip-sel set-up time to Bus-elk 




10 






ns 


*CSH 


Chip-sel hold time to Bus-elk 




10 






ns 


*DIS 


DATAin set-up time to Bus-elk 




10 






ns 


tDIH 


DATAin hold time to Bus-elk 




10 






ns 


*BKL 


Bus-elk off time 




25 






ns 


*BKH 


Bus-elk on time 




25 






ns 


tpDHL 


DATAqut high to low delay 
to Bus-elk 




15 






ns 


tpDLH 


DATAqut low to high delay 
to Bus-elk 




15 






ns 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


OUTPUT SECTION (Phase Outputs, A, B, or 


C)l SLEW =1uA 


VOH 


Vout high 


l = TBDT = TBD 




V CC -0.5V 




V 


Vol 


Vqut sat low 


l = TBDT = TBD 




0.5 




V 


V F 


N-channel clamp 
diode forward V 


l F = 100mA 




0.5 




V 


tR 


Output rise time 


w/o slew control 




1.0 




us 


t F 


Output fall time 


w/o slew control 




1.0 




us 


tRS 


Output rise time 


Rslew = 2M 




960 




us 


tFS 


Output fall time 


Rslew = 2M 




960 




us 


tRS 


Output rise time 


Rslew = 250k 




120 




us 


tFS 


Output fall time 


Rslew = 250k 




120 




us 


BRAKE SECTION 


Vbr 


Brake trip point 




2.4 




2.6 


V 


VcBR 


Brake storage clamp voltage 


V C c = 5V 




4.3 




V 


RETRACT SECTION 


Vret 


Retract diode V FO rward 


l F = 100mA, T = TBD (Vqutx- V P1N14 ) 




0.5 




V 


CHARGE PUMP SECTION 


IpiD 


Charge pump source current 


Vp| D = 2.5V, TBD 




24 




uA 


IpiD 


Sink current 






-24 




uA 


•rat 


Current ratio 


lpiD(chg)/l P | D (dchg) 


0.9 


1.0 


1.1 




PID BUFFER AMPLIFIER SECTION 


Vos 


Offset voltage 


V, N = 2V 




20 




mV 


Slew 


Slew rate 






1 




V/us 


Ib 


Input bias current 


Vin = 2V 




-10 




uA 


Swing 


Input range 









4 


V 


CURRENT CONTROL SECTION 


Irsen 


Gain set #1 


Iqut = 1 20mA 




125 




^A 


Irsen 


Gain set #2 


Iqut = 120mA 




250 




uA 


Irsen 


Gain set #3 


Iqut = 1 20mA 




500 




uA 


•rsen 


Gain set #4 


Iqut = 1 20mA 




1.0 




mA 


ERROR AMPLIFIER SECTION 


Vos 


Offset voltage 


V C M = 2V 




40 




mV 


Ib 


Input bias current 


V C m = 2V 




10 


1000 


pA 


AVOL 


Open loop gain 


V C M = 2V 




60 




db 


B w 


Bandwidth 


V CM = 2V,AV=1 




2 




MHz 


Vcmr 


Common-mode range 




1.5 




4.8 


V 


Vref 


Input clamp V 


v nin = Vref 




1.25 




V 


Slew 


Slew rate 


V CM = 2V, AV = 1 




1.5 




V/us 
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FUNCTIONAL DESCRIPTION 

In a typical disk drive application a microprocessor and 
the ML6035 are used to start a three phase brushless 
motor. After start-up the chip can provide stand-alone 
constant speed control or can be used in an external 
speed control loop. Unipolar run mode is supported to 
provide for higher motor speeds. Sensorless motor 
commutation is provided. See Fig. 1 for a typical 
application. 

MOTOR START-UP 

By using a microprocessor to send and receive 
information from the motor control chip almost any 
desired variation in any desired start-up algorithm can be 
achieved. 

Under uP control, initial open-loop commutation 
sequence is provided to the commutation logic through 
the bits A, B and C. The Motor_off pin is used to control 
the current to the motor. As the motor is advancing and 
accelerating, the fxP can look at the TACHOUT pin to 
check the speed of the motor and switch to close loop by 
setting bit ST. 



COMMUTATION LOGIC 

Commutation is performed by a 12-bit wide digital circuit. 
It can detect the zero crossing pulses, then evaluate the 
time needed between pulses and generate a commutation 
pulse after the half-time delay. Should the interval of zero 
crossings exceed the effective range of the counter, the 
delay will be set at the half of the full count automatically. 
Unwanted flyback pulses can be blanked out by setting 
bits FB[5:0]. Blanking time from 4lis to 128us with a step 
of 2lis can be programmed by jiP. Phase delay less than 
30° can be achieved by programming bits PA[7:0]. 

During momentary power interruptions the continuing 
motor zero crossing information can be used to recover 
commutation and resume closed loop speed control. 

POWER DRIVERS 

Three source PMOS devices and three sink NMOS 
devices, each capable of 1 A @ 500mV are used in 
complementary output stages. When mode switching is 
used to change from bipolar drive to unipolar drive the 
upper devices are disabled and an additional PMOS 
transistor is used to pull the motor neutral to the 5V supply. 

By using a small portion of each lower FET a closed loop 
current mirror can be created to monitor the current in 
each leg. The currents from the three iower current 
mirrors are summed to provide a voltage across Rsense fc> r 
a local current loop. 



vcd 



O 
u 



BUS_CLK 



PATAin 



PATAqut 



r 



POWERFALL >- 



RSLEW 



-wv- 



X 
z 



EAoUT 

EA- 
EA+ 

BUFPID 

NEUTRAL 

GND OUT A 

GND ML6 °35 PGND 

PCND 

OUT B 
OUT C 
Vcc2 
PID 



RSLEW 



RETRACT 
CBRAKE 



Hf-wv- 



-AAAr- 1 



-a/vV-t-i 
Rsense -=t 




Vcc2 



t!qn 



_► RETRACT 



Figure 1. Typical Application Circuit 
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After a power failure, during the brake delay time period, 
the outputs are turned off so that the back-EMF energy 
can be used to retract the heads. Three schottky diodes 
are connected from the motor output pins to the retract 
pin to rectify the back EMF from the still spinning motor. 
The return rectification is provided by three schottky 
diodes tied in conjunction with the body diodes of each 
N-channel sinking transistor. 

BRAKING LOGIC 

This block provides active braking to slow down motor 
rotation quickly. A signal applied to an R/C network 
connected to the external brake pin initiates a delay prior 
to braking (turning off the P-channel devices and turning 
on all the output N-channel devices). A brake command 
from the serial bus initiates an immediate braking 
sequence with no delay. To prevent a momentary high 
current spike due to simultaneous conduction of a 
P-Channel and an N-channel power output device, a 
motor off command should be issued prior to a serial bus 
brake command. 



SPEED CONTROL 

During motor start a command from the serial bus can 
select one out of four divide ratios from the sum of the 
currents in the output sink devices (0.0005, 0.001, 0.002 
and 0.004) to be applied to the Rsense P' n - The voltage so 
formed is used to derive a current loop at the non- 
inverting input to the error amplifier. By starting with a 
low ratio 1 A drive currents can be achieved. Note that the 
current loop is active during start-up. 

When sufficient speed is reached to close the 
commutation loop (1 6% of final speed) the Rsense 
ratio can be selected to provide more dynamic range at 
the Rsense P' n f° r tne normal operating current and 
internal speed control (velocity loop) can be used. 
This is done by using a one pulse per revolution signal 
from the commutation circuit to compare with a preset 
value for the 14-bit divider, which together with the 
[external] system clock frequency determine the speed 
(see Figure 3). A digital frequency comparator compares 
these two signals and generates a command signal to the 
charge pump to charge up or discharge the external PID 
filter. The voltage at the PID pin is internally buffered and 
applied to the BUFOUT pin. The buffered PID signal is 
then applied to the inverting input to the error amplifier to 
provide a reference for the current loop and to complete 
the velocity loop. 

If sector data information is available the charge pump 
can be disabled by a signal from the serial bus and the 
sector information can be input to the PID pin to control 
the current loop (see next section). 



-COMPLETE DRIVE CYCLE- 



~L 



R 



DATAin 



R 



juuiMMnniuiiiJi^ 



Notes: t1 = mm time required between "end of write" and "motor-activate" 

t2 = min time required between "motor inactivate" and "beginning of read" 
t3 = mm time required between "read" and "write" 



Figure 2. Start-up Waveform 
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Figure 3. Speed Control 



CURRENT AND SLEW RATE CONTROL 

This block provides output current wave shaping to 
minimize very steep current slopes. The elimination of 
these steep currents helps to reduce magnetostriction 
noise in the motor windings and helps to eliminate or 
minimize flyback pulses caused by the motor winding 
inductance. Slew rate control is provided on both the 
P-channel devices and the N-channel devices and is 
active for both rise and fall. The charge and discharge rate 
for the slew rate control is set by an external resistor, 
Rslew- The value of this resistor should be adjusted so that 
a rise time or fall time of 20% (40% for both) of each "on" 
time. The range for Rslew iS 250K to 2MQ. This 
corresponds to a tRs, tps range of 1 20lis to 960lis. For 
example, an "ON" time of 1 ms, 40% corresponds to 
400lis which equates to 1 .1M£1 

In addition to slew rate control the chip also supports a 
linear current loop on the lower (sinking) power drivers. 
A signal from the external PID filter is buffered and 
applied as a reference signal to an error amplifier shown 
in Figure 4. The error signal for this amplifier is derived 
from the Rsense signal described in the power driver 
section above. The error amplifier has both inputs and the 
output available so compensation for the current loop can 
be easily done. 

The maximum output current limit is used during motor 
start and is programmed from the serial bus by selecting 
the current ratio at Isense as mentioned above. 



DIVIDE BY N BLOCK 

The "divide by N" block shown in the block diagram, 
supplies a selectable tach output. If selected from the 
serial bus, one pulse per revolution is provided. This 
signal is derived from the equivalent of a divider tied to 
the zero crossing comparator for phase A. This will insure 
a signal with minimum jitter. A register loaded from the 
serial bus programs the divider for a 4, 8, 1 2 or 1 6 pole 
motor. During start-up a serial command can disable the 
divide circuit to provide raw zero crossing information to 
the tach out pin. 



SEE 7B FOR MORE DETAIL 
ON PID LOOP 
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Figure 4. Current Loop Velocity Loop 
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LOW VOLTAGE DETECT 

This section provides a fail safe low voltage detect for 
both Vcc and Vcc2. ' n most systems the low voltage 
detect resides on the Voice coil driver chip and has a 
threshold voltage of 4.575V with 30mV hysteresis. In the 
event this external chip fails to detect a low voltage 
condition or in the event this function is not available in 
another chip, then an internal low voltage detect (Vth = 
4.325V, hysteresis = 30mV) will disable the outputs and 
initiate a shutdown with retract voltage available. 

OVER TEMPERATURE FLAG 

This section is located close to the output drivers and is 
used to detect an over temperature condition. At a 
temperature of 1 50 degree C the following events will 
occur: the outputs will be turned off and the Motor-off pin 
will be pulled low to signal the microprocessor that a 
thermal shutdown has occurred. The motor-off pin is reset 
to normal operation by the sleep command. When the 
microprocessor "sees" motor off go low it should initiate a 
retract so the heads can be parked prior to motor braking. 



SERIAL I/O AND CONTROL LOGIC 

The digital interface consists of a four-wire serial port. 
The 1 6-bit data word present on the DATAin pin is serially 
shifted on the rising edges of the serial interface clock 
when the chip-select pin is active low. The R/WR bit is 
shifted in first and followed by address bits and data bits. 
To read stored data word, data will be shifted out from the 
DATAqut P ,n on tne falling edge of the serial clock when 
the chip-select pin is active low. When the chip select pin 
is high, DATAin and Bus-Clk are ignored. 



CHIP.SEL 



J 



- tBKON ~>-| I-*- tBKOFF 

bus_clk jijijijnjnj~LiTJiJi_nxiJTj^ 

tDIS 

-»M \**~ ~**\ |^~ tD,H 

DATAin 1 | A1 1 A0 | 



HIGH-Z 
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tpDHL - 
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-JP12 



- tpDLH 



D11 | DIP I P9 | P8 I P7 I D6 | D5 | P4 | P3 I D2 I P1 | Po"T - 



Read Waveform 
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CONTROL REGISTER 



R/W 


A1 


AO 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 










A 


B 


C 


REV 


Sleep 


Brake 


ST 


D3P 


UNI 


CP2 


CP1 


T2 


TO 



COMMUTATION START POINT 

D1 2 to D1 000 = A+ OFF A- OFF B+ OFF B- OFF C+ OFF C- OFF 
001 = A+ OFF A- OFF B+ OFF B- ON C+ ON C- OFF 

01 = A+ OFF A- ON B+ ON B- OFF C+ OFF C- OFF 

01 1 = A+ OFF A- ON B+ OFF B- OFF C+ ON C- OFF 

1 00 = A+ ON A- OFF B+ OFF B- OFF C+ OFF C- ON 

1 01 = A+ ON A- OFF B+ OFF B~ ON C+ OFF C- OFF 

1 1 = A+ OFF A- OFF B+ ON B- OFF C+ OFF C- ON 

1 1 1 = A+ OFF A- OFF B+ OFF B- OFF C+ OFF C- OFF 

In read mode, these three bits contain the commutation status latched at the falling edge of CS. 



D9 



D8 



= forward direction 

1 = reverse direction 

= sleep mode 

1 = on 



D7 = brake off 

1 = brake on 

D6 = commutated by setting D1 2-D1 of control register 

1 = commutated by digital delay loop 

D5 = Tach-out (1 pulse/phase) 

I = Tach-out (1 pulse/rev.) 

D4 1 = Unipolar operation 

= Bipolar operation 

D2-D3 Charge pump 

00 = normal operation 

01 = discharge 

1 = charge 

I I = high impedance 

D1-D0 Debug mode. Enables part to a/p internal signals from the data-out (serial out) pin. 

00 = tachout (normal operation) 

01 = blanking pulse width 
10=UP 

1 1 = commutation pulse 

)te: a logic "0" refers to a logic low signal 
a logic "1 " refers to a logic high signal 
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CONTROL REGISTER 1 



R/W 


A1 


AO 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 







1 





P1 


PO 


CL1 


CLO 


Tach/ 

DN 


— 


FB5 


FB4 


FB3 


FB2 


FB1 


FBO 



011,010 00 = 4 pole motor 
01 = 8 pole motor 

10 = 12 pole motor 
11=16 pole motor 

D9, D8 Current limit 

11 = I at Rsense = 0.0005 * lout Sink (A or B or C) 

00 = I at Rsense = 0.001 * lout Sink (A or B or C) 

01 = I at Rsense = 0.0020 * lout Sink (A or B or C) 
1 = I at Rsense = 0.0040 * lout Sink (A or B or C) 

D7 Tach/DN = DN pulse 
1 = Tach out 

D6 Unused 

D5-D0 Blanking pulse width 

Time step = prescale factor*/system clock rate 

= 4 /(2 x 1 06 counts/sec) = 2 usec/count 

* the prescale factor is: 4 for a four pole motor 

2 for an eight pole motor 

1 for a twelve pole motor 

1 for a sixteen pole motor 

rte: a logic "0" refers to a logic low signal 
a logic "1 " refers to a logic high signal 



CONTROL REGISTER 2 



R/W 


A1 


A0 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




1 





PA7 


PA6 


PA5 


PA4 


PA3 


PA2 


PA1 


PA0 


— 


— 


— 


— 


FRO 



DO = Least significant bit for # of counts to preset the frequency down counter (see next page for formula and remaining bits) 

D1 to D4 Not used 

D1 2 to D5 Select the desired phase advance 



1 



Counts needed = system -clock rate x _60_ x 

per electrical prescale factor rpm (3* poles) 60 

degree 

1 



2E6 cou nt / sec 60 sec/ m i n 
4 • • 



1 



3600rev/min 3x4 phase/rev 60deg/ph 
11. 6 count /el degree 



* The prescale factor is: 4 for a 4 pole motor 

2 for an 8 pole motor 
1 for a 1 2 pole motor 
1 for a 1 6 pole motor 

Note: a logic "0" refers to a logic low signal 
a logic "1" refers to a logic high signal 
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CONTROL REGISTER 3 



R/W 


A1 


AO 


D12 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 




1 


1 


FR13 


FR12 


FR11 


FR10 


FR9 


FR8 


FR7 


FR6 


FR5 


FR4 


FR3 


FR2 


FR1 



D12 TO DO equal the # of counts to preset the frequency down counter 

^ ^ system clock rate 60 

counts needed = -* ■ x -^~ 

prescale factor rpm 

_ 2E6 counts /re v 60^ec/min 



4 3600rev/min 

= 8,333 counts/rev 
= 10,0000,1000,1101 
* The prescale factor is fixed in all cases. 

)te: a logic "0" refers to a logic low signal 
a logic "1" refers to a logic high signal 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6035CH 


0°C to +70°C 


32-Pin TQFP (H32) 
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ML6042 



Tape Drive Data Channel Processor 



GENERAL DESCRIPTION 

The ML6042 is a single chip Data Channel for high capacity 
tape drives supporting a floppy like interface. It integrates 
the head preamplifier, pulse detector, filter/equalizer, and 
write driver functions. It also contains the gap/hole detector, 
under-voltage detector, and write driver with MR head bias. 
All major functions are controlled and their parameters 
programmed via the serial interface. 

This IC is intended for tape drive systems typically utilizing 
the QIC formats. Specifically the QIC40/80 and the 
QIC301 0/3020 recording formats. The minimal external 
components combined with the very small package makes 
the ML6042 ideal for designs with board space and height 
constraints like the popular 3V2" form factor half height 
drives. 

The head preamp is compatible with both thin film and 
magneto resistive heads with a programmable MR bias. The 
write driver currents are also programmable. 

The filter is a 6 pole, 2 zero, 0.05° equi-ripple continuous 
time configuration with asymmetric equalization. The cutoff 
frequency and amount of asymmetric equalization are 
programmable via the serial interface in 32 steps. The 



cutoff frequency can range from 200KHz to 1 .6MHz in 
two ranges. 

The pulse detector utilizes a high bandwidth AGC and 
supports both fixed and variable gain modes with 
programmable attack and decay. 

The three wire serial microprocessor interface has a 
buffered data latch. 

The ML6042 is available in a low profile 32 pin SOIC 
package. (0.3" wide) 

FEATURES 

■ Complete data channel for tape drives 

■ Compatible with QIC 40/80/3010/3020 formats 

■ Data rates — 2 Mbps (MFM) or 5 Mbps (RLL) 

■ All key parameters are programmable 

■ Minimal external components 

■ Continuous time filter with asymmetric equalization 

■ Less than 500mW operating power dissipation 

■ Total jitter & pulse pairing < 5% of window 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML6042 
32-pin SOIC (S32) 



LEVEL r~T~ 

cagc rr~ 2 

HOLDB 1 | 3 
TESTIN r~T~ 4 
IMR [~T~ 5 
•SET n~ 6 
VIN+ | | J 7 
VIN- 
CBYMR 
WR+ 

WR- | | 1 11 

GNDW | | 12 

VCCW | 1 13 

WENB f~T~ 14 

WD I I 15 

GNDD1 




PIN DESCRIPTION 



PIN# NAME 



1 LEVEL 

2 CAGC 

3 HOLDB 

4 TESTIN 



5 


IMR 


6 


ISET 


7 


VIN+ 


8 


VIN- 


9 


CBYMR 


10 


WR+ 



FUNCTION 



Rectified signal level output, and input 
to the programmable hysteresis 
comparator. An external capacitor 
connects between this pin and GNDA 
to set the discharge time constant. 

The AGC loop capacitor connects 
between this pin and GNDA. 

Logic input for AGC disable. A low on 
this pin disables the charging and 
discharging paths to the CAGC pin 
causing it to float. 

Control input to select the test signal 
on the TESTOUT pin. An input voltage 
of 0-1 V selects the AGC output at 
TESTOUT, 2-3V selects the multiplier 
output, and 4-5 V selects the filter low 
pass output. 

MR bias current sink output pin. 

External resistor to GNDA that sets the 
write driver and MR bias current. 

Differential signal positive input to 
read channel. 

Differential signal negative input to 
read channel. 

MR bias circuit bypass capacitor to 
GNDA. 

Differential positive write driver output. 
One side of the write head coil and 
damping resistor connects to this pin. 



PIN# NAME 



11 WR- 

12 GNDW 

13 VCCW 

14 WENB 



15 WD 

16 GNDD1 

17 SLCK 

18 SENB 

19 SDATA 

20 GNDD2 

21 VCCD 

22 RDB 

23 IDPIN 

24 ARESETB 



FUNCTION 



Differential negative write driver output. 
One side of the write head coil and 
damping resistor connects to this pin. 

Ground connection for the write driver. 

Positive power supply (5V) connection 
for the write driver. 

Write enable logic input. A logic low 
on this pin enables the write driver, 
switches the AGC amplifier to fixed 
gain mode, and discharges the CAGC 
pin to the lower clamp voltage. A logic 
high disables the write driver and 
initiates the write to read transition 
clamp time-out. 

Write data input, MFM encoded. 

Digital ground. 

Clock input for serial interface. 

Logic input for serial interface enable. 
Active low. 

Serial data input. 

Digital ground. 

Positive power supply connection 
(+5V) for digital circuitry. 

Read data output. Encoded data from 
pulse detector. 

Used for chip identification. If not 
used it should be connected to GNDA. 

Under voltage status logic output. 
Active low. 
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PIN DESCRIPTION (Continued) 

PIN# NAME FUNCTION 

25 1 2VSNSE Sense input for 1 2 volt fault detector. 

An external resistor divider from +1 2 
volts to ground connects to this pin. 

26 EOGC Output of end-of-gap detector. 

27 DRATE Control input for selecting the cutoff 

frequency of the filter. A logic high sets 
the filter to the high range and a logic 
low to the low range. It has an internal 
pull down. 

28 GNDA Analog ground. 



PIN# NAME 



FUNCTION 



29 VCCA Positive power connection for the 

analog circuitry. 

30 TESTOUT- Differential negative test signal output. 

See TESTIN. 

31 TESTOUT+ Differential positive test signal output. 

See TESTIN. 

32 RFIL External resistor to GNDA sets the 

center frequency of the filter. 
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ML6310 



3V/5V Read Channel Front-end Processor 



GENERAL DESCRIPTION 

The ML6310 is a BiCMOS Read Channel Front-end 
Processor IC which is one half of the disk read channel 
chipset from Micro Linear, intended for the next 
generation of small form factor (1 .8" & 1 .3") disk drives, 
operating on 3V and/or 5V supplies. It works in 
conjunction with the ML6311 Read Channel Back-end 
Processor to form a complete solution for the low-voltage/ 
low-power disk read/write channel. It incorporates a full 
function pulse detector, four channel servo demodulator, 
and a filter/equalizer with switchable response 
characteristics between data and servo. 

The filter architecture consists of a 6-pole, 2-zero, 0.05° 
Equiripple type, continuous time filter, with asymmetric 
equalization, realizing a family of frequency response 
curves optimized for the disk drive read channel. The 
cutoff frequency and boost (asymmetric equalization) are 
programmable through the serial interface using internal 
5- & 4-bit DACs. The pulse detector is implemented with 
a high bandwidth AGC whose attack and decay rates are 
programmable through the serial interface using 2-bit 
DACs respectively. The Hysteresis level for the pulse 
detector Gate channel is also programmable through the 
serial interface using a 4-bit DAC. A four channel servo 
demodulator is onboard which offers buffered outputs for 
head positioning with a programmable option to bring out 
either A, B, C, D or A+B, A-B, C-D, C+D outputs. 

The ML6310 supports four power down modes for 
implementation of real-time power management in an 
optimal manner. The operating power dissipation is 
targeted to be less than 300mW at 3V, while the part will 
dissipate less than 1 5liW in the sleep mode. The ML6310 
requires only three external components. 



FEATURES 

■ Operating supply ranges are 2.7V to 3.3V or 3.0V to 
3.6V or 4.5 to 5.5V. 

■ Very Low Power dissipation at 3V Psleep < 1 5uA/V, Pqpr 
< 300 mili-watts 

■ Low profile, 32-pin TQFP package, (7x7x1) mm 3 

■ NRZ Disk data rates up to 32 Mbits/s, for 1 ,7 RLL 

■ Pulse detector with less than ±500ps pulse pairing 

■ Wide bandwidth (> 60MHz) AGC amplifier 

■ Internal stable reference voltage level for AGC 

■ Programmable hysteresis level in Gate channel (static) 

■ Four channel servo demodulator with internal 
capacitors for track & hold capability. Selectable A, B, 
C, D or A-B, C-D, A+B, C+D demod outputs. 

■ Onboard coupling capacitors and DC offset 
cancellation circuitry to minimize internal offsets 

■ 6-pole, 2-zero continuous time, 0.05° equiripple filter 
with less than 40dB harmonic distortion 

■ Programmable filter cutoff frequency (3 :1 range in 32 
steps) (f c = 6.0 to 1 8 MHz). Also allows a 1 0% range 
shift under external resistor control 

■ Programmable Asymmetric Equalization in 256 steps 
(256 combinations of Group Delay and Boost), 
providing to 11 .6 dB slimming boost at fc- 

■ High speed (20MHz clock) three wire serial 
microprocessor interface with double buffered data 
latch for synchronous or asynchronous data loading. 

■ Four Power-down modes selectable, plus hardware pin 

■ CMOS/TTL compatible I/O to minimize power 
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PIN DESCRIPTION 



PIN NAME 



FUNCTION 



PIN NAME 



FUNCTION 



Pulse Detector 



31 
32 



VIN+ 
VI N- 



CAGC 



HOLDB 



22 LEVEL 



20 
19 



RD 
RDB 



29 AGC+ 
28 AGC- 



Filter / Equalizer 

30 VRFIL 

26 DSLIM 



AGC amplifier differential input. This 
input is AC coupled from the Read/ 
Write amplifier output. It is 
recommended that the differential 
input signal be in the range of 1 5mVp_ 
P to 1 50mVp.p. 

The AGC loop capacitor is connected 
from this pin to GNDA. Lead-Lag 
network may be used for a differential 
loop filter characteristic, if desired. 
The Attack and Decay currents of the 
AGC can be adjusted through the bits 
in the control register. 

This is an active low CMOS input pin. 
When this pin is forced to a logic low, 
all the charging and discharging paths 
on the CAGC pin are disabled. The 
AGC amplifier now acts as a fixed gain 
amplifier with the gain being 
determined by the voltage on the 
CAGC pin. 

Rectified signal level output and input 
to the programmable hysteresis 
comparator. An external capacitor 
between this pin and GNDA, in 
conjunction with an internal resistor 
(8 Kohms typical), sets up the 
discharge time constant. 

These pins provide the differential 
pulse detector encoded read data 
output (ECL). These signals form the 
input to the ML6311 — read channel 
back-end processor chip which does 
the data synchronization and clock 
recovery. (Low voltage ECL O/P's) 

Buffered AGC outputs used for test and 
prototyping purposes. These are 
differential open emitter outputs and 
hence should be left open in normal 
operation to minimize power 
dissipation. 



A resistor between this pin and GNDA 
sets up the center frequency of the 
filter. 

When this pin is high, the slimming 
function is disabled and the filter 
cutoff frequency is switched to the 
servo filter cutoff frequency. When this 
pin is low the filter data path cutoff 
frequency is used, with the slimming 
being programmable. 



Filter / Equalizer (continued) 

25 LPOUT+ Buffered lowpass filter outputs used for 
24 LPOUT- test and prototyping purposes. These 
are differential open emitter outputs 
and hence should be left open in 
normal operation to minimize power 
dissipation. 



Timing and Control 

23 PDNB 



WG 



Active low CMOS input. In conjunc- 
tion with the power management bits 
in the Control Register, this helps setup 
the ML631 in one of the four power 
down modes. 

Active high CMOS input. This input is 
used to activate the input clamp for a 
period of 1 jis, to generate the write to 
read transition delay. 



Servo Demodulator 



VRSVO 



9 GTA 

10 GTB 

11 GTC 

12 GTD 



13 DIS 



A/A+B 
B/A-B 
C/C+D 
D/C-D 



Serial Interface 



15 



SCLK 



14 SDATA 



16 SENB 



This reference voltage derived from 
the internal bandgap is used by the 
A/D converter handling the servo 
bursts, to define the middle point of 
the dynamic range. A typical value for 
this is 1 .0V. 

Gate control for the four channel servo 
burst detectors. Active high CMOS 
inputs. Internal holding capacitors 
hold the charge corresponding to the 
peaks of the servo bursts. 



Active high CMOS input. When this pin 
is asserted high, the four servo peak 
detector capacitors are discharged. 

Buffered four channel servo demodulator 
outputs. The four outputs can be 
optionally selected to be either A, B, 
C, D or A+B, A-B, C+D, C-D through 
a bit (SMODE), in the Control Register 
#6 

This is a CMOS input which clocks the 
Control Register (negative edge trigger). 
Intern ally this pin is gated with the 
SENB signal. 

Control Register Data, CMOS input, 
clocked by SCLK. 

Active low CMOS input — Control 
Register enable. A logic low input on 
this pin pin allows the SCLK input to 
clock the SDATA into the control 
register and a logic high latches the 
control register contents. 
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PIN DESCRIPTION (continued) 



PIN NAME 



FUNCTION 



Power Supply and Ground 

1 8 VCCA This is the analog VCC input, used for 
the pulse detector, filter/equalizer and 
servo demodulator. In the case of a 5V 
supply operation this pin needs to be 
left open, while in the case of a 3V 
supply operation this pin is tied to 
VCCD. 



17 


VCCD 


Digital VCC input for serial 
microprocessor interface and related 
logic. This can handle the 2.7V to 
5.5V supply range. 


27 


GNDA 


Analog ground 


21 


GNDD 


Digital ground 



TYPICAL EXTERNAL COMPONENTS 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (VCCA & VCCD) -0.3 to +7V 

Analog & Digital Inputs/Outputs -0.3 to VCCA + 0.3V 

Input Current per Pin -25 to +25mA 

Storage Temperature -65 to +150°C 

Maximum Junction Temperature 1 25°C 



RECOMMENDED OPERATING 
CONDITIONS 

DC Supply Voltage Range 2.7V to 3.6V or 4.5V to 5.5V 

For 5V Operation VCCA is left open, VCCD is at 5V 

For 3V Operation VCCA and VCCD are tied to 3V 

Operating Temperature Range 0°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, VCCA = VCCD = 2.7 to 3.6 Volts or 4.5 to 5.5 Volts and T A = to 70°C. 



PARAMETER 



CONDITIONS 



MIN 



TYP 



Power Dissipation 



Digital I/O Specifications 



MAX 



AGC Amplifier and Input Clamp 



UNITS 



Analog V cc (VCCA) 


Left open for 5V operation 


2.7 




3.6 


V 


Digital V cc (VCCD) 


Connected for both 3V & 5V 


2.7 




5.5 


V 


Supply Current (Analog) 


@ VCCA = 3.0V 

@ Sleep mode (PDNB pin = 0) 






80 
8 


mA 
uA 


Supply Current (Digital) 


@ VCCA = 3.0V or 5.0V 

@ Sleep mode (PDNB pin = 0) 






10 
2 


mA 
u7\ 


Supply Current (Total) 


VCCA = VCCD = 3.0V 
VCCD = 5.0V, VCCA = open 
@ sleep mode (PDNB pin = 0) 






90 
110 
10 


mA 
mA 
uA 


Power Down Current 
(Normal mode) 


PDNB pin = 1 

Control Reg bits PM1 =PM0=0 






90 


mA 


Power Down Current 
(Servo mode) 


Serial Interface + AGC + Filter + 
Servo demodulator enabled 
PDNB = 1,PM1=0, PM0 = 1 






65 


mA 


Power Down Current 
(Pulse mode) 


Serial Interface + AGC + Filter + 
Pulse Detector enabled 
PDNB = 1,PM1=1,PM0 = 






68 


mA 


Power Down Current 
(Idle mode) 


Only Serial Interface enabled 
PDNB = 1,PM1=1,PM0=1 

VCC = 2.7 to 3.6V 




0.45 


30 


uA 




VCC = 4.5 to 5.5V 




0.8 


1.5 


mA 


Power Down Current 
(Sleep mode) 


Control register retains data 
PDNB = 0, PM1=X, PM0 = X 




0.15 


5 


uA 



High level input voltage 




VCCD-0.5 




VCCD 


V 


Low level input voltage 




GNDD 




GNDD+0.5 


V 


High level input current 


@ VCC and GND 






1 


uA 


Low level input current 


@ VCC and GND 






1 


^A 



Differential Input signal range 


Note 2 


15 




150 


mVp.p 


Maximum AGC gain 


VCAGC = 1 .2V @ AGC ± pins 


15 


22 


28 


VA/ 


Minimum AGC gain 


VCAGC = 2.2V @ AGC ± pins 




0.6 


3 


v/v 


Differential input resistance 


Read mode (WG is low) 


3.75 


5 


6.25 


Kohms 




Write mode (WG is high) 


200 


500 


700 


Ohms 
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ELECTRICAL CHARACTERISTICS (continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


AGC Amplifier and Input Clamp (continued) 


CMRR 


V )N + = V| N - = 1 00 mV @ 5MHz & 
VCAGC = 1 .2 V 


40 






dB 


PSRR 


VCCA = 100mV@5MHz& 
VCAGC = 1 .2 V 




40 




dB 


CAGC voltage range 


@VCCD = 2.7V Note 1 


1 




2.2 


V 


Input Clamp Off time 


From WG active to input 
clamp release 


0.7 


1 


1.3 


Us 


Clamp propagation delay 


From WG inactive to input Z clamped 




20 


100 


ns 


AGC Control — Rectifier and 


Comparator 










CAGC clamp voltage 




1.2 


1.8 


2.5 


V 


CAGC Output voltage 


Maximum possible 


1.8 


VCCA/0.5 


3.0 


V 


CAGC Attack current 


Min — Control register bits = 00 
Max — Control register bits = 1 1 


20 
70 


30 
120 


45 
170 


MA 
MA 


CAGC Decay current 


Min — Control register bits = 00 
Max — Control register bits = 1 1 


1 
6 


3 
9 


6 
12 


uA 
uA 


CAGC leak current 


HOLDB pin is low 






±0.1 


"A 


HOLD on /off 


HOLDB pin, ON time and OFF time 




0.5 




Us 


Hysteresis Comparator 


Input signal range 


Differential input, Note 1 










Hysteresis range 


percent of input signal amplitude 







93.8 


% 


Hysteresis resolution 


controlled by internal DAC, Note 1 




6.25 




% 


Max output current 


LEVEL pin short to gnd (Ishort > 1 m A) 


1 






mA 


Output resistance 


LEVEL pin 




400 




ohms 


Pulse Qualification Section 


Read Data pulse width 




20 




30 


ns 


Pulse Pairing 


0.2 MHz sinewave @ 1 5 mV P . P diff, 
f c = 9MHz (1 sigma) 




±0.5 


±1 


ns 


Jitter on RD (falling edge) 


0.2 MHz sinewave @ 1 5 mV P _p cliff, 
f c = 9MHz (1 sigma) 




±0.1 


±1 


ns 


RD/RDB raw data output 


Differential, Psuedo ECL |V RD - V RDB I 


0.6 


0.7 


0.8 


V 


Vrd/rdb common mode 


Note 1 




VCCA - V BE 




V 


Filter / Equalizer Section 


Differential Group delay 


0.3f c to f c , fc0-fc4 = 1 






±5 


% 


Cutoff Frequency Accuracy 




-10 




+10 


% 


Slimming Level Accuracy 




-1 




+1 


dB 


Phase shift (LP & BP) 


f c 0-f c 4 = 1,Note2 




90 ±2 




degree 


Response settling time 


Due to change in fc, Note 2 




1 




Ms 
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ELECTRICAL CHARACTERISTICS (continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Servo Demodulator Section (All tests @ f = 5 MHz) 


Servo Amplifier voltage gain 


@ Input = 50 mV and 1 50 mV. 
AGC set to a gain of 1 . 


3 


5 


7 


v/v 


Channel offset matching 






±2 


±10 


mV 


Output leakage current 






5 




nA 


Discharge time 


Input = 150 mV, discharge to 50% 
output 






5 


Us 


Droop rate 


Input = 1 50 mV, GATE on to GATE off 




0.01 


0.1 


mV/jxs 


Acquisition time 


Gate enable to 90% of peak detector 
output 




1 


1.5 


Us 


Difference error 


Input = 150 mV 




±2 


±10 


mV 


VRSVO output voltage 




0.9 


1.05 


1.3 


V 


Serial Microprocessor Interface 


Serial clock (SCLK) frequency 




0.01 




20 


MHz 


SCLK pulse width 


tpw 


20 






ns 


SCLK to SDATA hold time 


tfHSD 


5 






ns 


SDATA to SCLK setup time 


tSSD 


5 






ns 


SENB to SCLK setup time 


tSSEN 


10 






ns 


SCLK to SENB hold time 


tSSEN 






10 


ns 



Note 1 : These specifications are design goals and are not tested They are provided for informational purposes only. 

Note 2: These parameters are guaranteed by design and verified by characterization only and are not part of the production test program, hence only the typical values are 
indicated for system designer's reference. 



TIMING DIAGRAM 
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Figure 1 . 3-Wire Serial Interface. 
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FUNCTIONAL DESCRIPTION 



INTRODUCTION 

The ML6310 is a Read Channel Front-end Processor IC 
which is one half of the disk read channel chipset from 
Micro Linear, intended for the next generation of small 
form factor (1 .8" & 1 .3") disk drives, operating on 3V and/ 
or 5V supplies. Fabricated in Micro Linear's BiCMOS 
process (1 .5u, CMOS, 4GHz f t bipolar), it works in 
conjunction with the ML6311 Read Channel Back-end 
Processor to form a complete solution for the low voltage/ 
low power disk read/write channel. It incorporates a full 
function pulse detector, four channel servo demodulator, 
and a filter/equalizer with switchable response 
characteristics between data and servo. The ML6310 
supports four power down modes for implementation of 
real-time power management in an optimal manner. The 
maximum power dissipation is targeted to be less than 
350mW, while the part will dissipate less than 1 mW in 
the sleep mode. In this mode all sections are powered 
down except the serial microprocessor interface. A high 
level of digital programmability through this interface and 
onboard registers contributes to reducing the external 
component count significantly. 

The pulse detector is implemented with a high bandwidth 
AGC whose attack and decay rates are programmable 
through the serial interface using 2-bit DACs respectively. 
The Hysteresis level for the pulse detector Gate channel is 
also programmable through the serial interface using a 
4-bit DAC. Pulse qualification is achieved by using both 
level and polarity. 

A four channel servo demodulator is onboard which offers 
buffered outputs for head positioning with a 
programmable option to bring out either A, B, C, D or 
A+B, A-B, C-D, C+D outputs. The four hold capacitors 
for the servo peak detectors are implemented on board. 

The programmable filter architecture consists of a 6-pole, 
2-zero. 0.05° Equiripple type, continuous time filter, with 
asymmetric equalization, realizing a family of frequency 
response curves optimized for the disk drive read channel. 
For embedded servo handling, the servo and the data path 
filter cutoff frequencies are programmed separately. Using 
the external DSLIM pin, the filter characteristics can be 
switched to the servo cutoff frequency with no slimming 
boost. The switching of the filter frequency response is 
very fast, thus allowing for real-time embedded servo 
handling The cutoff frequency and boost (asymmetric 
equalization) are programmable through the serial 
interface using internal 5-bit and 4-bit DACs. 

The three wire serial interface is also used to program a 
number of parameters controlling the various sections of 
the chip. On physical power-up, the control registers will 
come up in an undetermined state and hence these 
registers must be initialized to their default values first, so 
that the chip is put in a defined state. The contents of the 
control registers are retained in all power down modes, 
except when the power is physically turned off to the 
chip. 

The ML631 is designed to offer the lowest power 
dissipation, a high level of integration and offer a high 



level of programmability to minimize the number of 
external components, thus resulting in an optimized read 
channel front-end. It outputs raw data in an ECL format 
whose level is compatible with the input to the 
companion chip ML6311, used for data separation and 
clock synchronization. Please refer to the block diagram 
of the ML63 1 for the details. 

PULSE DETECTOR 

The pulse detector consists of the AGC amplifier with a 
full AGC control loop, on the front-end, which works in 
conjunction with the programmable filter/equalizer 
circuitry. The pulse detector consists of the conventional 
time channel and gate channel to help in pulse 
qualification, for generating the raw data output which 
represents the time position of the peaks corresponding to 
the flux reversals on the disk. 

AGC 

The AGC amplifier is a two stage differential amplifier 
design with high bandwidth, typically greater than 
1 00MHz. The first stage of the AGC is a Variable Gain 
Amplifier (VGA) whose gain is controlled by the voltage 
on the CAGC pin. The gain of the amplifier decreases as 
the voltage on the CAGC pin increases. The second stage 
is essentially a fixed gain amplifier. 

The AGC usually gets its differential input from the output 
of the head preamp circuit. The input signal range is 
1 5mV to 1 50mV peak-to-peak differential. The AGC's 
input has a switchable input impedance clamp to enhance 
the write to read transient recovery. This is indirectly 
controlled by the Write Gate signal from the disk 
controller. When Write Gate is active-high (write mode), 
the input impedance is reduced or clamped to a low 
impedance state and when Write Gate goes inactive-low, 
the input impedance switches back to the normal (high 
impedance state), after a 1fis delay, typically. 

The output of the AGC amplifier feeds into the filter/ 
equalizer directly. The lowpass output from the filter/ 
equalizer serves as the input to the AGC control front-end 
which is a full wave rectifier. The AGCSET comparator 
compares the full wave rectifier output with an internal 
settled voltage reference and generates an output to the 
AGC control circuitry. The AGC control circuitry 
compares this voltage with the voltage from the CAGC 
pin, before providing the feedback into the control nodes 
of the Variable Gain Amplifier. The capacitor on the 
CAGC pin then gets charged or discharged depending on 
whether the full wave rectifier output is greater than or 
less than the preset internal reference voltage. The 
charging and discharging current, also referred to as the 
attack and decay rates, are programmable through the bits 
in control register #5, as shown below. Refer to the section 
on Control Register for programming details. 
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During the servo capture period, the AGC amplifier 
function s as a fixed gai n amplifie r, under control of the 
HOLDB pin. When the HOLDB pin is forced to a logic 
low, the AGC control loop is disabled and the charging 
and discharging of the capacitor on the CAGC pin is 
sto pped. The AGC loop maintains the gain setting prior to 
the HOLDB pin going low. The impedance and gain of the 
AGC amplifier are not affected. 

Time Channel 

The time channel of the pulse detector consists of a 
multiplier and a zero crossing comparator, the output of 
which generates the clocking signal to the pulse 
qualification flip-flop. The input of the multiplier is the 
differential lowpass and bandpass outputs of the filter/ 
equalizer. The capacitative coupling ensures the removal 
of any DC offsets in the differentiated outputs of the filter/ 
equalizer. This technique contributes significantly to better 
pulse pairing by eliminating the need for a matching 
bidirectional one-shot as used in conventional 
approaches. 

The output of the multiplier goes to the zero-crossing 
comparator which produces a logic output whose edges 
correspond to the zero crossing points of the input signal. 
A positive transient of state at the zero crossing output 
indicates that a minima and maxima has been detected at 
the filter/equalizer's differentiated output. 

Gate Channel 

The Gate Channel consists of a hysteresis comparator 
which prevents false triggering of the output one-shot due 
to baseline noise. The lowpass output of the filter/ 
equalizer forms the input of the hysteresis comparator. 
Only when a data pulse is of sufficient amplitude will the 
hysteresis comparator allow the output one shot to be 
triggered. The hysteresis comparator also ensures that the 
output one-shot is triggered once for each data pulse 
polarity. The hysteresis level (as a percentage of the 
hysteresis comparator input signal peak), is programmable 
through the bits in control register #4, as shown below. 
Refer to the section on Control Register for programming 
details. 

| 1 | | | NC |HYS3|HYS2|HYS1|HYS0| 

Pulse Qualification 

The pulse qualification circuitry consists of a D flip-flop 
whose data input is the hysteresis comparator output and 
it is clocked by the zero-crossing comparator output in the 
time channel. The output of this D flip-flop triggers a one- 
shot whose pulse width is programmed through an 
internal RC constant. In order to allow the zero-crossing 
comparator output to fire the one-shot, every positive 
transient in the zero-crossing comparator shall correspond 
to the opposite polarity of the hysteresis comparator 
output. The output of the one-shot then constitutes the 
raw data output which represents the time position of the 
peaks corresponding to the flux transitions on the disk 
media. 



PROGRAMMABLE FILTER/EQUALIZER 

The programmable filter/equalizer circuit approximately 
realizes a sixth-order, 0.05° Equiripple function thus 
achieving a flat group delay up to twice the cutoff 
frequency (2fc). The filter processes signals in a 
differential mode for greater noise immunity. This filter 
architecture is capable of handling fast transients and 
provides smaller excess phase and power dissipation. It is 
made up of three biquads which generate a lowpass and 
bandpass (differentiated) output. The cutoff (corner) 
frequency of the filter is controlled by 5 bits in control 
register which provide 32 combinations in the range of 
6MHz to 1 8MHz. Control register #0 is used to program 
the data channel corner frequency while the servo 
channel corner frequency is programmed in control 
register #1 , as shown below. Refer to the section on 
Control Register for programming details. 



DATA PATH CUTOFF FREQUENCY 



| | | |Pfc4|Pfc3|Pfc2|Pfc1 |Pfc0l 



SERVO PATH CUTOFF FREQUENCY 

| | | 1 | Sf C 4 | Sf C 3 1 Sf C 2 | Sf C 1 | Sfco] 

These five bits are used to control a DAC to generate a 
current which is used to control the frequency of the filter. 
The cutoff (corner) frequency of the filter is given by the 
following equation : 

f c =6 + (0.387x16fc4 + 8fc3 + 4f c 2 + 2f c 1 + fc0) 

Table 1 lists the corner frequencies and the corresponding 
control register bit configurations. 

Two real zeroes are introduced by two equalizers 
(slimmers) inserted between the first/second and the 
second/third biquads. The zeroes can be adjusted 
independently so that it is possible to realize asymmetric 
equalization, if desired. The transfer function of the 
equalizer (slimmer) is given by : 



H S = 



kix-5- 

G>OlJ 



1+ k 2 x- 



0) O 2 



Where oocn, 0>O2 are the corner frequencies of the first 
and second biquads and S = jco is the complex frequency. 
The normalized corner frequencies of the first and second 
biquads are 0.981 and 2.074. The group delay variation at 
the corner frequency is given by : 



AG g>C = —" 



0.981J 



Ja-T 



2.074 J 



1 + 



Ja_T 



0.981; 



1 + 



2.074 
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(<! and k 2 can be controlled by adjusting the bias currents 
in the slimmers. They are adjusted by changing the 
slimming control bits — zeroA (Na) in control register #2 
and zeroB (Nb) in control register #3 as shown below. 
Refer to Table 2 and the section on Control Register, for 
details. 
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EB2 


EB1 


EBO 



ki & l<2 are expressed by the equations below : 

. kiMAX N A 



15 

. ><2MAxNb 
15 



klMAX =1-578 



k 2M AX =3.327 



N A and Nb are the decimal expression of the slimming 
bits EA3 - EAO and EB3 - EBO, respectively. Hence the 
group delay and corner frequency product (refer table 2), 
is given by : 



AG(o C fc = 



271 



(0.1078N A ) 3 (0.1078N B ) 3 

1 + (0.1078N A ) 2 1 + (0.1078N B ) 2 



TABLE 1 


Corner 


freq 


uency programming 


values 




f c 4 


f c 3 




to 


f c 1 


f c 


f c (MHz) 



















6.000 
















1 


6.387 













1 





6.774 













1 


1 


7.161 










1 








7.548 










1 





1 


7.935 










1 


1 





8.323 



8.710 



The equalization (slimming) level is given by : 



10 9.097 


10 1 9.484 


10 10 9.871 


10 11 10.258 


110 10.645 


110 1 11.032 


1110 11.419 


1111 11.806 


10 12.194 


10 1 12.581 


10 10 12.968 


10 11 13.355 


10 10 13.742 


10 10 1 14.129 


10 110 14.516 


10 111 14.903 


110 15.290 


110 1 15.677 


110 10 16.065 


110 11 16.452 


1110 16.839 


1110 1 17.226 


11110 17.613 


11111 18.000 



SL(dB) = 10log 



1 + 



G>01 



+ 10log 



1 + f k 2X<0 
0)02 



At the corner frequency of the filter (1 8 MHz), the 
equation is reduced to : 



Table 2 shows the Product of Delta Group Delay & fc , 
slimming level, zeroA and zeroB programming values 
with control register bit configurations. The values, Binary 
(EA3 - EAO) = Decimal N A and Binary (EB3 - EBO) = 
Decimal Nb. 



SL(dB) = 10log 



1 + (0.1078N A ) 2 



+ 10log 



1 + (0.1078N B ) 2 



FILTER TRANSFER FUNCTION 



s 2 + i2^Ql + COoi 2 



^Q2_ 



s^+- 



Q 2 



^ + co 02 2 



"03 



o S X C0 n o 2 

S 2 + ^fffln, 



Q 3 



Where: 



©01 = 0.981 G) C 
0) 2 = 2.074 0)c 
»03 = 1 .470 coc 
Qt =0.551 
Q 2 =1.686 
Q 3 =0.893 
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TABLE 2 



N A 


N B 


AGf c (sHz) 


SL(dB) 

















1 


0.0002 


0.0502 





2 


0.0015 


0.1973 





3 


0.0049 


0.432 





4 


0.0108 


0.7406 





5 


0.0193 


1.1077 





6 


0.0304 


1.5178 





7 


0.0436 


1 .9574 





8 


0.0585 


2.4148 





9 


0.0749 


2.8809 





10 


0.0922 


3.3487 





11 


0.1103 


3.8132 





12 


0.1289 


4.2706 





13 


0.1478 


4.7187 





14 


0.1669 


5.1557 





15 


0.1862 


5.5807 







-0.0002 


0.0502 




1 





0.1004 




2 


0.0013 


0.2475 




3 


0.0047 


0.4822 




4 


0.0106 


0.7908 




5 


0.0191 


1.1578 




6 


0.0302 


1.568 




7 


0.0434 


2.0076 




8 


0.0583 


2.465 




9 


0.0747 


2.9311 




10 


0.092 


3.3989 




11 


0.1101 


3.8634 




12 


0.1287 


4.3208 




13 


0.1476 


4.7688 




14 


0.1667 


5.2058 




15 


0.186 


5.6309 


2 





-0.001 5 


0.1973 


2 


1 


-0.001 3 


0.2475 


2 


2 





0.3946 


2 


3 


0.0033 


0.6293 


2 


4 


0.0092 


0.9379 


2 


5 


0.01 78 


1.305 


2 


6 


0.0288 


1.7152 


2 


7 


0.0421 


2.1547 


2 


8 


0.057 


2.6121 


2 


9 


0.0733 


3.0782 


2 


10 


0.0907 


3.546 


2 


11 


0.1088 


4.0105 


2 


12 


0.1273 


4.468 


2 


13 


0.1463 


4.916 


2 


14 


0.1654 


5.353 


2 


15 


0.1846 


5.778 


3 





-0.0049 


0.432 


3 


1 


-0.0047 


0.4822 


3 


2 


-0.0033 


0.6293 


3 


3 





0.864 


3 


4 


0.0059 


1.1726 


3 


5 


0.0144 


1.5397 


3 


6 


0.0255 


1 .9498 


3 


7 


0.0387 


2.3894 


3 


8 


0.0537 


2.8468 


3 


9 


0.07 


3.3129 


3 


10 


0.0873 


3.7807 


3 


11 


0.1054 


4.2452 


3 


12 


0.124 


4.7026 


3 


13 


0.1429 


5.1507 


3 


14 


0.162 


5.5877 


3 


15 


0.1813 


6.0127 



N A 


N B 


AGfc(sHz) 


SL(dB) 


4 





-0.0108 


0.7406 


4 


1 


-0.0106 


0.7908 


4 


2 


-0.0092 


0.9379 


4 


3 


-0.0059 


1.1726 


4 


4 





1.4812 


4 


5 


0.0086 


1 .8483 


4 


6 


0.0196 


2.2584 


4 


7 


0.0328 


2.698 


4 


8 


0.0478 


3.1554 


4 


9 


0.0641 


3.6215 


4 


10 


0.0815 


4.0893 


4 


11 


0.0995 


4.5538 


4 


12 


0.1181 


5.0112 


4 


13 


0.137 


5.4593 


4 


14 


0.1562 


5.8963 


4 


15 


0.1754 


6.3213 


5 





-0.0193 


1.1077 


5 


1 


-0.0191 


1.1578 


5 


2 


-0.01 78 


1.305 


5 


3 


-0.0144 


1.5397 


5 


4 


-0.0086 


1 .8483 


5 


5 





2.2153 


5 


6 


0.0111 


2.6255 


5 


7 


0.0243 


3.065 


5 


8 


0.0392 


3.5225 


5 


9 


0.0556 


3.9886 


5 


10 


0.0729 


4.4564 


5 


11 


0.091 


4.9208 


5 


12 


0.1096 


5.3783 


5 


13 


0.1285 


5.8263 


5 


14 


0.1476 


6.2633 


5 


15 


0.1668 


6.6884 


6 





-0.0304 


1.5178 


6 


1 


-0.0302 


1.568 


6 


2 


-0.0288 


1.7152 


6 


3 


-0.0255 


1 .9498 


6 


4 


-0.0196 


2.2584 


6 


5 


-0.01 1 1 


2.6255 


6 


6 





3.0357 


6 


7 


0.0132 


3.4752 


6 


8 


0.0282 


3.9326 


6 


9 


0.0445 


4.3987 


6 


10 


0.0619 


4.8666 


6 


11 


0.0799 


5.331 


6 


12 


0.0985 


5.7885 


6 


13 


0.1174 


6.2365 


6 


14 


0.1366 


6.6735 


6 


15 


0.1558 


7.0985 


7 





-0.0436 


1.9574 


7 


1 


-0.0434 


2.0076 


7 


2 


-0.0421 


2.1547 


7 


3 


-0.0387 


2.3894 


7 


4 


-0.0328 


2.698 


7 


5 


-0.0243 


3.065 


7 


6 


-0.01 32 


3.4752 


7 


7 





3.9148 


7 


8 


0.015 


4.3722 


7 


9 


0.0313 


4.8383 


7 


10 


0.0486 


5.3061 


7 


11 


0.0667 


5.7706 


7 


12 


0.0853 


6.228 


7 


13 


0.1042 


6.6761 


7 


14 


0.1233 


7.1131 


7 


15 


0.1426 


7.5381 
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TABLE 2 (c 


ontinue 


d) 




N A 


n b 


AGf c (sHz) 


SL(dB) 


8 





-0.0585 


2.4148 


8 


1 


-0.0583 


2.465 , 


8 


2 


-0.057 


2.6121 


8 


3 


-0.0537 


2.8468 


8 


4 


-0.0478 


3.1554 


8 


5 


-0.0392 


3.5225 


8 


6 


-0.0282 


3.9326 


8 


7 


-0.015 


4.3722 


8 


8 





4.8296 


8 


9 


0.0163 


5.2957 


8 


10 


0.0337 


5.7635 


8 


11 


0.0517 


6.228 


8 


12 


0.0703 


6.6854 


8 


13 


0.0892 


7.1335 


8 


14 


0.1084 


7.5705 


8 


15 


0.1276 


7.9955 


9 





-0.0749 


2.8809 


9 


1 


-0.0747 


2.9311 


9 


2 


-0.0733 


3.0782 


9 


3 


-0.07 


3.3129 


9 


4 


-0.0641 


3.6215 


9 


5 


-0.0556 


3.9886 


9 


6 


-0.0445 


4.3987 


9 


7 


-0.0313 


4.8383 


9 


8 


-0.0163 


5.2957 


9 


9 





5.7618 


9 


10 


0.0173 


6.2296 


9 


11 


0.0354 


6.6941 


9 


12 


0.054 


7.1515 


9 


13 


0.0729 


7.5996 


9 


14 


0.092 


8.0366 


9 


15 


0.1113 


8.4616 


10 





-0.0922 


3.3487 


10 


1 


-0.092 


3.3989 


10 


2 


-0.0907 


3.546 


10 


3 


-0.0873 


3.7807 


10 


4 


-0.0815 


4.0893 


10 


5 


-0.0729 


4.4564 


10 


6 


-0.0619 


4.8666 


10 


7 


-0.0486 


5.3061 


10 


8 


-0.0337 


5.7635 


10 


9 


-0.01 73 


6.2296 


10 


10 





6.6975 


10 


11 


0.0181 


7.1619 


10 


12 


0.0367 


7.6194 


10 


13 


0.0556 


8.0674 


10 


14 


0.0747 


8.5044 


10 


15 


0.0939 


8.9294 


11 





-0.1103 


3.8132 


11 


1 


-0.1101 


3.8634 


11 


2 


-0.1088 


4.0105 


11 


3 


-0.1054 


4.2452 


11 


4 


-0.0995 


4.5538 


11 


5 


-0.091 


4.9208 


11 


6 


-0.0799 


5.331 


11 


7 


-0.0667 


5.7706 


11 


8 


-0.0517 


6.228 


11 


9 


-0.0354 


6.6941 


11 


10 


-0.0181 


7.1619 


11 


11 





7.6264 


11 


12 


0.0186 


8.0838 


11 


13 


0.0375 


8.5318 


11 


14 


0.0566 


8.9688 


11 


15 


0.0759 


9.3939 



N A 


N B 


AGfc(sHz) 


SL(dB) 


12 





-0.1289 


4.2706 


12 


1 


-0.1287 


4.3208 


12 


2 


-0.1273 


4.468 


12 


3 


-0.124 


4.7026 


12 


4 


-0.1181 


5.0112 


12 


5 


-0.1096 


5.3783 


12 


6 


-0.0985 


5.7885 


12 


7 


-0.0853 


6.228 


12 


8 


-0.0703 


6.6854 


12 


9 


-0.054 


7.1515 


12 


10 


-0.0367 


7.6194 


12 


11 


-0.0186 


8.0838 


12 


12 





8.5413 


12 


13 


0.0729 


7.5996 


12 


14 


0.092 


8.0366 


12 


15 


0.1113 


8.4616 


13 





-0.1478 


4.7187 


13 


1 


-0.1476 


4.7688 


13 


2 


-0.1463 


4.916 


13 


3 


-0.1429 


5.1507 


13 


4 


-0.137 


5.4593 


13 


5 


-0.1285 


5.8263 


13 


6 


-0.1174 


6.2365 


13 


7 


-0.1042 


6.6761 


13 


8 


-0.0892 


7.1335 


13 


9 


-0.0729 


7.5996 


13 


10 


-0.0556 


8.0674 


13 


11 


-0.0375 


8.5318 


13 


12 


-0.0189 


8.9893 


13 


13 





9.4373 


13 


14 


0.0191 


9.8743 


• 13 


15 


0.0384 


10.299 


14 





-0.1669 


5.1557 


14 


1 


-0.1667 


5.2058 


14 


2 


-0.1654 


5.353 


14 


3 


-0.162 


5.5877 


14 


4 


-0.1562 


5.8963 


14 


5 


-0.1476 


6.2633 


14 


6 


-0.1366 


6.6735 


14 


7 


-0.1233 


7.1131 


14 


8 


-0.1084 


7.5705 


14 


9 


-0.092 


8.0366 


14 


10 


-0.0747 


8.5044 


14 


11 


-0.0566 


8.9688 


14 


12 


-0.038 


9.4263 


14 


13 


-0.0191 


9.8743 


14 


14 





10.311 


14 


15 


0.0192 


10.736 


15 





-0.1862 


5.5807 


15 


1 


-0.186 


5.6309 


15 


2 


-0.1846 


5.778 


15 


3 


-0.1813 


6.0127 


15 


4 


-0.1754 


6.3213 


15 


5 


-0.1668 


6.884 


15 


6 


-0.1558 


7.0985 


15 


7 


-0.1426 


7.5381 


15 


8 


-0.1276 


7.9955 


15 


9 


-0.1113 


8.4616 


15 


10 


-0.0939 


8.9294 


15 


11 


-0.0759 


9.3939 


15 


12 


-0.0573 


9.8514 


15 


13 


-0.0384 


10.299 


15 


14 


-0.0192 


10.736 


15 


15 





11.162 
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SERVO DEMODULATOR 

Four gated peak detectors are incorporated for recovery of 
embedded servo information. The ML6310 provides four 
buffered low impedance outputs (A, B, C, D), which 
represent the peak detected level of each servo burst. The 
voltages on these pins are suitable for digitizing by an 
external A/D converter and processed by the controlling 
microprocessor for head positioning. With the help of the 
SMODE bit in control register #6, these four outputs can 
be configured to be (A+B, A-B, C+D, C-D) using internal 
summation and difference amplifiers. The summation 
outputs (A+B, C+D) are equal to the sum of the peak 
detected levels divided by 2. The difference outputs (A-B, 
C-D) are equal to the difference of the peak detected 
levels divided by 2. The zero-level for the difference 
outputs (A-B, C-D) is given at the VRSVO pin. The typical 
value for this reference signal is 1 V. There is also a VSET 
bit in control register #6 which controls the direction of 
the VRSVO pin. If VSET = 0, the difference zero-level is 
generated internally (1 V). If VSET = 1, an external 
reference voltage is used to set the difference zero-level. 

The zero-level for the buffered servo outputs (A, B, C, D) 
or the summation outputs (A+B, C+D) is internally 
generated and has a value of 0.5V. 



| 1 | 1 | o |rsvd|smope|vset|pmi |pmo 



The servo peak detectors in the demodulator section 
receive the servo burst signal from the lowpass output of 
the filter/equalizer, which are then amplified to the proper 
amplitude and sent through a full wave rectifier before the 
sample and hold operation. There are four identical peak 
and hold circuits, with internal holding capacitors which 
perform the sample and hold operation. This optimized 
architecture thus provides for higher integration by not 
only eliminating the four external holding capacitors but 
also the pins required for them, thus contributing towards 
minimizing the external component count and hence cost. 

POWER MANAGEMENT 



The ML6310 provides a hardware pin (PDNB) and two 
bits in the control register #6 for five levels of micro 
power management control. 



RSVD SMODE VSET PM1 PMO 



The major circuit blocks in the ML6310 comprise of the 
regulator, the serial interface, the AGC, the filter/equalizer, 
the pulse det ector, t he servo demodulator and the bias 
circuits. The PDNB pin in conjunction with the two bits in 
the control register #6 can be used to selectively turn of a 
combination of these blocks depending on the mode of 
operation viz, read mode, write mode, servo mode, etc. 
This allows the system designer to turn off the sections of 
the chip that are not in use during the operation and thus 
minimize power dissipation at a micro management level. 
Table 3 below shows these five different power 
management modes and the circuits that are active in 
these individual modes. 



TABLE 3: Power Management Modes 


PIN 


PM1 


PMO 


POWER 
MANAGEMENT MODE 


1 








Normal mode 


1 





1 


Servo mode 


1 


1 





Data mode 


1 


1 


1 


Idle mode 





X 


X 


Sleep mode 



Normal Mode — All circuits are enabled. Typical Power 
dissipation @ 2.7V is 175mW. 

Servo Mode — Pulse Detector is disabled. Typical Power 
dissipation @ 2.7V is 150mW. 

Data Mode — Servo demodulator is disabled. Typical 
Power dissipation @ 2.7V is 1 60mW. 

Idle Mode — Only serial interface circuit and regulator 
are enabled. In 3V mode of operation the regulator is not 
used and could be powered off using the 'reg' bit in 
control register #5. Typical Power dissipation @ 4.75V is 
4mW. Typical Power dissipation @ 2.7V is 1 .2|iW. 

Sleep Mode — All circuits disabled, however control 
registers will hold latest programmed data and can be 
accessed through the serial interface. Typical Power 
dissipation @ 2.7V is 0.5uW. 

SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. Data is shifted serially into the 
ML6310 on the SDATA line on the fal ling e dges of the 
serial shift clock, SCLK, provided the SENB pin is active 
(low). The data is shifted in blocks of eight bits with MSBit 
first. The internal registers are organized in blocks of eight 
bits, with the three most significant bits denoting the 
address, followed by the five data bits. This addressing 
scheme thus allows for a register bank of eight registers. 
When the chip is physically powered-up, the control 
registers come up in an undetermined state and hence 
they need to be initialized to some preset bit configuration 
so that the behavior of the chip is predictable. The control 
registers retain their programmed information in any of the 
power-down mo des, un til the chip is physically powered- 
down. When the SENB pin goes inactive (high), the 
SDATA and SCLK pins are ignored and the previously 
shifted information is latched on the rising edge of the 
SENB, into the appropriate register bank based on the 
address bits. It is recommended that the SCLK input be 
kept inactive low till such time when it is in use. The 
SCLK input is capable of handling speeds up to 20MHz. 
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CONTROL REGISTER DEFINITIONS 

The control register bank consists of eight registers with 
addresses from through 7. Control register #7 is not used 
and some of the bits in control register through 6 are 
reserved. Outlined below are the detailed bit by bit 
definitions of the control registers through 6. 

CONTROL REGISTER #0 

Data Channel filter cutoff frequency control 



MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 











Dfc4 


Df C 3 


Df C 2 


Df C 1 


Df C 



CONTROL REGISTER #1 

Servo Channel filter cutoff frequency control 

MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 








1 


Sf C 4 


Sf C 3 


Sf C 2 


Sf C 1 


Sf C 



f C 4 


f c 3 


f c 2 


f c 1 


f c o 


f c (MHz) 

















6.000 














1 


6.387 











1 





6.774 











1 


1 


7.161 








1 








7.548 








1 





1 


7.935 








1 


1 





8.323 









1 


1 


1 


8.710 
















9.097 













1 


9.484 










1 





9.871 










1 


1 


10.258 







1 








10.645 







1 





1 


1 1 .032 







1 


1 





11.419 







1 


1 


1 


1 1 .806 
















12.194 













1 


12.581 










1 





12.968 










1 


1 


13.355 







1 








13.742 







1 





1 


14.129 







1 


1 





14.516 







1 


1 


1 


14.903 















15.290 












1 


15.677 









1 





16.065 









1 


1 


16.452 






1 








16.839 






1 





1 


17.226 






1 


1 





17.613 






1 


1 


1 


18.000 



CONTROL REGISTER #2 

Asymmetric equalization (slimming) — zero A (Na) 

MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 





1 





RSVD 


EA3 


EA2 


EA1 


EA0 



Refer to Table 2 for programming configurations 
CONTROL REGISTER #3 

Asymmetric equalization (slimming) — zero B (Nb) 

MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 





1 


1 


RSVD 


EB3 


EB2 


EB1 


EB0 



Refer to Table 2 for programming configurations 

CONTROL REGISTER #4 

Hysteresis Comparator qualification level 

MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 


1 








RSVD 


HYS3 


HYS2 


HYS1 


HYS0 



HYS3 


HYS2 


HYS1 


HYS0 


% OF SIGNAL PEAK 














0.00 % 











1 


6.25 % 








1 





12.50% 








1 


1 


18.75% 





1 








25.00 % 





1 





1 


31.25% 





1 


1 





37.50 % 





1 


1 


1 


43.75 % 



1 








50.00 % 


1 





1 


56.25 % 


1 


1 





62.50% 


1 


1 


1 


68.75 % 


1 1 








75.00% 


1 1 





1 


81 .25 % 


1 1 


1 





87.50 % 


1 1 


1 


1 


93.75 % 
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CONTROL REGISTER #5 

AGC Attack & Decay rate control 



CONTROL REGISTER #6 

Miscellaneous functions register 



MSB 



MSB 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 





1 


REG 


DKY1 


DKYO 


AKY1 


AKYO 



REG bit = 1 implies regulator is ON 

REG bit = implies regulator is OFF 

This bit applies only in the 3V operating mode where the 
regulator could be switched OFF, to minimize power 
dissipation, as it is not needed. This bit must be set to a 
"1 " in the 5V operating mode. 



ATK1 


ATKO 


AGC ATTACK CURRENT 








30nA 





1 


60nA 


1 





90|aA 


1 


1 


120mA 




DKY1 


DKYO 


AGC DECAY CURRENT 








3.0nA 





1 


5.(HiA 


1 





7.0\iA 


1 


1 


9.0^A 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 


1 





RSVD 


SMODE 


VSET 


PM1 


PMO 



RSVD 



implies bit reserved for future use. Can be 
zero or one. 



PM1 , PMO power management mode bits 





PM1 


PMO 




PDNB 
PIN 


POWER 
MANAGEMENT MODE 


1 








Normal mode 


1 





1 


Servo mode 


1 


1 





Data mode 


1 


1 


1 


Idle mode 





X 


X 


Sleep mode 



SMODE = 1 implies servo demodulator outputs are 
configured as A+B, A-B, C+D, C— D 

SMODE = implies servo demodulator outputs are 
configured as A, B, C, D 

VSET = 1 VRSVO servo reference pin configured as 
input. This allows the use of an external 
reference to calibrate the servo demodulator 
outputs for data conversion. 

VSET = VRSVO servo reference pin configured as 
output. This implies that the internal 
reference is used to calibrate the servo 
demodulator outputs for data conversion 
purposes. 



ORDERING INFORMATION 



PART NUMBER 


VCC RANGE 


TEMPERATURE RANGE 


PACKAGE 


ML6310CH2 


2.7V to 3.3V 


0°C to 70°C 


32-pin TQFP (H32) 


ML6310CH3 


3.0V to 3.6 


0°C to 70°C 


32-pin TQFP (H32) 


ML6310CH5 


4.5V to 5.5V 


0°C to 70°C 


32-pin TQFP (H32) 



fi^ Micro Linear 



5-383 



5k Micro Linear 



May 1 994 
PRELIMINARY 

ML6311 



3V/5V Read Channel Back-end Processor 



GENERAL DESCRIPTION 

The ML6311 is a BiCMOS Read Channel Back-end 
Processor IC which is one half of the disk read channel 
chipset from Micro Linear, intended for the next 
generation of smaller form factor (1 .8" & 1 .3") disk drives, 
operating on 3V and 5V supplies. It works in conjunction 
with the ML6310 Read Channel Front-end Processor to 
form a complete solution for the low voltage/low power 
disk read/write channel. It incorporates a full function data 
synchronizer with a 3:1 operating range, a full function 
frequency synthesizer with onboard M&N dividers, (1,7) 
RLL encoder/decoder and write precompensation 
circuitry. The most critical blocks on this chip are the 
three VCOs, one for the data synchronizer PLL, one for 
the frequency synthesizer PLL and the third VCO is used 
to generate the tracking 1/3 cell delay for (1 ,7) RLL data 
synchronization. Careful design considerations have been 
incorporated to minimize the noise coupling and crosstalk 
among the VCOs. The system noise is highly minimized 
as the VCO operates at only 1 .5X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and a 
bank of internal control registers. The center frequency of 
the VCO, window centering, M&N dividers and power 
management options are programmable. Independent 
early and late write precompensation programmability is 
provided through a 6-bit decoder array. The ML6311 
requires two external components besides the two loop 
filters for the PLL's. 

The ML6311 supports six power down modes. An external 
hardware pin is also provided to implement real time 
power management. The operating power dissipation is 
targeted to be less than 1 70mW, while it will dissipate less 
than 1 0OuW in the sleep mode. 



FEATURES 

■ Operating supply range 2.7V to 3.6V or 4.5V to 5.5V 

■ Very Low Power dissipation at 3V 
Psleep < 1 OOllW, Pqpr < 1 70m W 

■ Low profile, small area, 32-pin TQFP package 

■ 3:1 Disk data rate range — 11 to 32 Mbits/s 

■ Fast acquisition PLL with zero phase start capability 

■ 3:1 VCO tuning range with 48 Mbits/s 1 ,7RLL code rate 

■ Onboard (1, 7) RLL encoder/decoder 

■ Tracking 1/3 cell delay for internal 1,7 RLL Endec and 
1/4 cell delay for external 2, 7 RLL Endec 

■ Programmable VCO center frequency and window 
centering adjustment ( 75% to 1 25% in steps of 1 .6% ) 

■ PLL based frequency synthesizer with reference crystal 
oscillator and M (7-bit) & N (7-bit) dividers 

■ Programmable independent early and late write 
precompensation. 

■ High speed ( 20MHz) three wire serial microprocessor 
interface with double buffered data latches 

■ Programmable six levels of power management control 
with external power down pin support 

■ CMOS, TTL compatible I/O interface for lower power 
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BLOCK DIAGRAM 
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PIN DESCRIPTION 



PIN NAME 



FUNCTION 



PIN NAME 



FUNCTION 



ECL Level Logic Inputs 

5 RD Encoded read data from the disk drive 

read channel front-end chip ML6310. 
The rising edges of RD represent the 
flux changes on the disk, (differential 
"+" input) 

6 RDB Encoded read data from the disk drive 

read channel front-end chip ML6310. 
The falling edges of RDB represent the 
flux changes on the disk, (differential 
"-" input) 

ECL Level Logic Outputs 

(Note: These are test outputs for characterization purposes. External current 
sources are necessary to provide driving capability for these signals and the ECL 
buffer needs to be enabled from Control Register #7) 



27 



26 



DRD Delayed read data output after the 

1/3rd cell delay. This signal is used for 
1/3rd cell delay characterization and 
window margin test. 

VC02CLK Test point for Data seperator VCO 
clock output. 

CMOS Level Logic Inputs 

7 RG Read Gate signal from the disk 

controller. Active high signal indicates 
read mode. This input selects the 
phase detector input, switches the RRC 
output, initiates the data separator PLL 
acquisition and enables the (1, 7) RLL 
decoder. 

1 9 WG Write Gate signal from the disk 

controller. Active high signal indicates 
write mode. This input enables the (1 , 
7) RLL encoder and write 
precompensation circuits. 

30 COAST A high level on this pin disables phase 
detector/charge pump of the data 
separator PLL and allows the VCO to 
coast. 

1 5 PDNB Power Down Control. A low level 

input on this pin puts the chip in the 
power down (SLEEP) mode with a 
power dissipation of less than 100uW. 

12 XTAL A parallel resonant crystal with low 

parasitic capacitance is connected 
between this pin and ground as the 
master clock source. If a crystal 
oscillator is not desired, an external 
clock can be forced onto this pin. 



CMOS Level Logic Inputs (continued) 

22 WCLK Write data clock from disk controller. 

This is the data rate clock 
synchronized to the RRC. If minimum 
cable delay is desired, WCLK pin can 
be shorted to RRC. 

23 NRZIN Non-return to zero write data input 

from disk controller. In write mode, 
NRZIN is clocked into the chip on the 
rising edges of the WCLK. 

9 SENB Active low CMOS input — Control 

Register Enable. A logic low input on 
this pin allows the SCLK input to clock 
the SDATA into the control Register 
and a logic high on this input, latches 
the control register contents. 

1 SCLK This is a CMOS input which clocks the 

Control Regist er. Inte rnally this pin is 
gated with the SENB signal. While 
SENB is low, address and 
programming data are clocked in at 
the chip on the falling edges of SCLK. 

11 SDATA Control Register Data, CMOS input, 

clocked by SCLK. 

CMOS Level Logic Outputs 

24 NRZOUT Non-return to zero read data output. 

This is the synchronized and decoded 
data from the disk drive. In the read 
mode, NRZOUT is clocked out of the 
chip on the falling edges of RRC. In 
the external Endec mode (selected 
through the control register #6 RAW 
bit), this pin provides the synchronized 
encoded data output. 

21 RRC Read/Reference clock. In the write 

mode, this pin outputs 1X (data rate) 
clock derived from the frequency 
synthesizer VCO clock. In the read 
mode, it switches to 1 X clock derived 
from the data separator VCO clock 
after detecting 1 9 pulses on the RD 
line. In the external Endec mode 
(selected through the control register 
#6 RAW bit), this pin outputs 1 .5X 
clock (1, 7RLL) and 2X clock (2, 7RLL), 
derived from the data separator VC02. 

20 WD (1 , 7) RLL encoded write data output. 
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PIN DESCRIPTION 



PIN NAME 



FUNCTION 



PIN NAME 



FUNCTION 



Analog Pins 

18 RWPC 

4 RVCO 



28 



A 1 % timing resistor for write 
precompensation delay setting. 

A 1 % resistor connected between this 
pin and GNDA3 sets the current level 
for data rate programmability. 

1% resistor connected between this 
pin and GNDA3 sets the charge pump 
current for the two PLL's and the bias 
current for miscellaneous blocks. 

Frequency synthesizer PLL charge 
pump output and VCO input pin. A 
lowpass filter is connected between 
this pin and GNDA1. 

VCOIN2 Data separator PLL charge pump 

output and VCO input pin. A lowpass 
filter is connected between this pin 
and GNDA2. 



RPUMP 



17 VCOIN1 



Power Supplies 

1 3 VCCD1 2.7V to 5.5V digital supply 
29 VCCD2 2.7V to 5.5V digital supply 

14 VCCA1 2.7V to 3.6V analog supply for 

frequency synthesizer. This pin should 
be left open for 5V operation. 

32 VCCA2 2.7V to 3.6V analog supply for data 

separator. This pin should be left open 
for 5V operation. 

2 VCCA3 2.7V to 3.6V analog supply for 

miscellaneous functions. This pin 
should be left open for 5V operation. 

25 GNDD1 Digital Ground 

8 GNDD2 Digital Ground 

1 6 GNDA1 Analog ground for frequency 
synthesizer 

31 GNDA2 Analog ground for data separator 

1 GNDA3 Analog ground for miscellaneous 
functions 



TYPICAL EXTERNAL COMPONENTS 



f 



"TV 

22pF!± J_ 



— RVCO r_x 

AVCC3 EC 

- RPUMP CE 
ACND3 CE 

rd en 

RDB nz 

rg nz 

DGND2 HZ 



R R R R R R R H 



., 32 31 30 29 28 27 26 25 24 
23 
22 



ML6311 

32 TQFP 
7mm x 7mm x 1mm 



10 11 12 13 14 15 16 



.9kQ 
__ 550pF 

LOOP FILTER 2 

ID NRZOUT/RAWD 

ID NRZIN 

ID WCLK 

ID RRC/VC02CLK 

ID WD 

33 WC 7.5K 

ID RWPC JW — | 

ID VCOIN1 ~~ 



HHHUHUUb! 

ICO * 

II Si 



g 8 



1 < u 

1.8nF ±Z Z 



J_ 31 



ska 

27nF 



ASSUMPTIONS 

T s = 1 (is @ Fvco = 48MHz 

Change pump current = 3X 

K = 2400A/SA^ 

8 e ,f = 1 5% e e ,i 

5 = 0.95, co n T = 1 .2 

ASSUMPTIONS 

F XT AL = 20MHz 

N + 1 = 20, M + 1 + 48 

K = 800A/S/V 

T s = 200|is 

co n T = 5 

e e f = i % of e e/ i 

^ = 0.6 



LOOP FILTER 1 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (VCCA & VCCD) -0.3 to +7V 

Analog & Digital Inputs/Outputs -0.3 to VCCA + 0.3V 

Input Current per Pin -25 to +25mA 

Storage Temperature -65 to +150°C 

Maximum Junction Temperature 1 25°C 



RECOMMENDED OPERATING 
CONDITIONS 

DC Supply Voltage Range 2.7V to 3.6V or 4.5V to 5.5V 

For 5V Operation VCCA is left open, VCCD is at 5V 

For 3V Operation VCCA and VCCD are tied to 3V 

Operating Temperature Range 0°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, VCCA = VCCD = 2.7 to 3.6 volts or 4.5 to 5.5 volts and T A = to 70°C 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Power Dissipation 



Analog Vcc (VCCA) 


Left open for 5V operation 


2.7 




3.6 


V 


Digital Vcc (VCCD) 


Connected for both 3V & 5V 


2.7 




5.5 


V 


Analog Supply Current 


VCCA = 3.6V, Data Rate = 32 Mbps 










Normal Mode 


All circuits operational 




37 


40 


mA 


Read Mode 


Encoder & WPrecomp OFF 




36 


39 


mA 


Write Mode 


Data separator and decoder OFF 




15 


17 


mA 


PLLFS Mode 


Data separator, endec, WPrecomp OFF 




14 


16 


mA 


Idle Mode 


Only bias circuits & serial interface ON 




5 


5.5 


mA 


Sleep Mode 


All circuits OFF, register contents retained 






10 


uA 


Digital Supply Current 


VCCD = 3.6V, Data Rate = 
32Mbps,C L <15pF 










Normal Mode 


All circuits operational 




16 


20 


mA 


Read Mode 


Encoder & WPrecomp OFF 




16 


20 


mA 


Write Mode 


Data separator and decoder OFF 




15 


20 


mA 


PLLFS Mode 


Data separator, endec, WPrecomp OFF 




9 


11 


mA 


Idle Mode 


Only bias circuits & serial interface ON 




1.5 


2 


mA 


Sleep Mode 


All circuits OFF, register contents retained 






10 


uA 


Digital Supply Current 


VCCA = open, VCCD = 4.5V to 5.5V, 
Data Rate = 32 Mbps, C L < 1 5pF 










Normal Mode 


All circuits operational 






60 


mA 


Read Mode 


Encoder & WPrecomp OFF 






59 


mA 


Write Mode 


Data separator and decoder OFF 






37 


mA 


PLLFS Mode 


Data separator, endec, WPrecomp OFF 






27 


mA 


Idle Mode 


Only bias circuits & serial interface ON 






7.5 


mA 


Sleep Mode 


All circuits OFF, register contents retained 






20 


uA 



Digital I/O Specifications 



High level input voltage 




VCCD - 0.5 




VCCD 


V 


Low level input voltage 




GNDD 




0.5 


V 


High level input current 


V, N = VCC 






0.1 


MA 


Low level input current 


V| N = GND 






0.1 


uA 


High level output voltage 


llouT I = 2mA 


VCCD - 0.5 




VCCD 


V 


Low level output voltage 


llouT I = 2mA 






0.4 


V 


High impedance 
output current 


@ V| N = 1 0OmV & VCC - 1 0OmV 


-0.5 




0.5 


MA 
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ELECTRICAL CHARACTERISTICS (continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



DC Characteristics 



Frequency Synthesizer 



UNITS 



Differential Input 
voltage swing 


On ECL input pins RD & RDB 


0.8 




1.6 


Vp-p 


Psuedo ECL low level 
output voltage 


@ Iout = 3 mA DRD & VC02CLK pins 


VCCA-2.05 




VCCA - 1 .45 


V 


Psuedo ECL high level 
output voltage 


@ Iout = 3 mA DRD & VC02CLK pins 


VCC - 1 .7 




VCC - 1 .3 


V 


Psuedo ECL output swing 




0.15 


0.25 


0.35 


V 


Low level input current 
(Psuedo ECL) 


DiffV, N = 0V&VCC-0.7V 
(RD & RDB inputs) 


0.8 


1.0 


1.3 


mA 


High level input current 
(Psuedo ECL) 


Diff V,m = VCC - 0.7V & 0V 
(RD & RDB inputs) 


0.8 


1.0 


1.3 


mA 


Vrd/rdb common mode 


Note 1 




VCCA-Vbe 




V 


RPUMP bias voltage 


RPUMP = 7.5 Kohms(1%) 




0.75 




V 


RWPC bias voltage 


RWPC = 15Kohms(1%) 
RWPC = 7.87 Kohms(1%) 


1.25 
0.63 


1.5 
0.78 


1.75 
0.92 


V 
V 


RVCO resistor 


7.87KQ (1%) recommended 


0.6 


0.78 


0.9 


KQ 



Xtal or input frequency 


Parallel resonant type with minimum 
capacitance loading 


5 




20 


MHz 


M divider register 




1 




127 


Decimal 


N divider register 




1 




127 


Decimal 


VCO center frequency 
dynamic range (fo) 


Measure f H @ VCOIN1 = 0.7V 
Measure f L @ VCOIN1 = 2.3V 
Dynamic range = (fn - f|_)/fo 


±17 


±20 




% 


VCO gain 


©o = 2 x n x fo, 

K V co = ^x(f 1 -f 2 )/100mV 
U ©VCOIN1 @f o + 100mV 
f 2 @VCOIN1 @f o -100mV 


0.3 


0.35 


0.4 


rad/s-V 


Pump current resistor 


for setting pump current 




7.5 




Kohms 


Pump current 


@ f Q = 48MHz, l = 0.75V/(2 x R PU mp) 


0.85l o 


b 


1.15l 


uA 


Phase detector gain 


Kd = (l x 48MHz) / (2 x n x f Q ) 


0.85Kd 


Kd 


1.1 5Kd 


A/rad 


PLL loop gain 


G = 3.6 x 106/Rp UM p 


0.75G o 


Go 


1.25G 


A/sxV 


PLLFS jitter 


RG active, 5V mode, Note 1 
RG active, 3V mode, Note 1 




200 
120 


TBD 
TBD 


ps 
ps 
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ELECTRICAL CHARACTERISTICS (continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Read Mode and Data Synchronizer 



VCO center frequency 
dynamic range (fo) 


Measure f H @ VCOIN2 = 0.7V 
Measure f L @ VCOIN2 = 2.3V 
Dynamic range = (f*H - f|.)/Fo 


±17 


±20 




% 


VCO gain 


©o = 2 x n x fo, 

K V co = 7Cx(f 1 -f 2 )/100mV 
U ©VCOIN1 @f o + 100mV 
f 2 @VCOIN1 @f o -100mV 


0.3 


0.35 


0.4 


rad/s - V 


Read mode pump current 
during preamble 


@ f = 48 MHz, l = (2 x 0.75V)/R PUMP 
ifCPGbit = 


0.64l o 


0.75l o 


0.86l o 


uA 


Normal pump current 


@ f Q = 48 MHz, l = (2 x 0.75V)/R PUMP 
ifCPGbit = 


0.21l o 


0.25l o 


0.29l o 


A 


Phase detector gain 


Kd = (l x 48MHz) / (2 x % x f ) 


0.85Kd 


Kd 


1.1 5Kd 


A/rad 


PLL loop gain 


Go = 2.9 x 106/Rpump (during preamble) 


0.75G o 


Go 


1.25G 


A/sxV 


VCO ZPS error 


( zero phase start ) 


-0.02T - 2 




+0.02T + 2 


ns 


1/3 cell delay accuracy 


relative to T/2 






±5 


% 


1/4 cell delay accuracy 


relative to T/2, RAW bit = 1 (Reg #6) 






±5 


% 


Decode window 
centering accuracy 








±1 


ns 


RD input pulse width 


tWRD 


15 




30 


ns 


RRC duty cycle 


WG = 0, RG = 1 


40 




60 


% 


PLLDS jitter 


Input = 8MHz, sine wave 100mVp.p, 
48MHz encoded clock rate (1 sigma) 

5V mode 

3V mode 




300 
200 


TBD 
TBD 


ps 
ps 


RRC to NRZout delay 


*DNRZ1 






5 


ns 


RG to valid NRZout delay 


*DNRZ2 




6TRRC 




ns 



Write Mode and Write Precompensation 



Write precomp accuracy 


t E = (R W pc xCxE/10)0<E<7 
t L = (Rwpc xCxI710)0<L<7 
7.5K < R WPC < 1 5K & C(int) = 0.67pF 


0.8t E 
0.8t L 




1.2t E 
1.2t L 


ns 
ns 


WD pulse width 


T = 1/fo twWD 


0.6T 




1.4T 


ns 


RRC duty cycle 


WG = 1 


40 




60 


% 


WCLK to NRZin Hold time 


*HNRZ 


5 






ns 


NRZin to WCLK setup time 


tSNRZ 


5 






ns 



Serial Microprocessor Interface 



Serial clock (SCLK) frequency 




0.01 




20 


MHz 


SCLK pulse width 


tpw 


40 






ns 


SCLK to SDATA hold time 


*HSD 


10 






ns 


SDATA to SCLK setup time 


tsSD 


10 






ns 


SENB to SCLK setup time 


tSSEN 


10 






ns 



Note 1 . These parameters are guaranteed by design and verified by characterization only and are not part of the production test program, hence only the typical values are 
indicated for system designer's reference. 
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TIMING DIAGRAMS 
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Figure 1 . Read Mode Timing 
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Figure 2. Write Mode Timing 
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Figure 3. Serial Port Timing 
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FUNCTIONAL DESCRIPTION 

The ML6311 is a BiCMOS Read Channel Back-end 
Processor IC which is one half of the disk read channel 
chipset from Micro Linear, intended for the next 
generation of smaller form factor (1 .8" & 1 .3") disk drives, 
operating on 3V and 5V supplies. Fabricated in Micro 
Linear's BiCMOS process (1 .5jll CMOS, 4 GHz ft bipolar), 
it works in conjunction with the ML6310 Read Channel 
Front-end Processor to form a complete solution for the 
low voltage/low power disk read/write channel. It 
incorporates a full function data synchronizer with a 3:1 
operating range, a full function frequency synthesizer with 
onboard M&N dividers, (1, 7) RLL encoder/decoder and 
write precompensation circuitry. Bidirectional NRZ I/O 
can be realized by tying the NRZ Out & NRZ In pins. 

The most critical blocks on this chip are the three VCOs, 
one for the data synchronizer PLL, one for the frequency 
synthesizer PLL and the third VCO is used to generate the 
tracking 1/3 cell delay for (1, 7) RLL data synchronization. 
It also supports a tracking 1/4 cell delay for (2, 7) RLL data 
synchronization, with an external endec. Careful design 
considerations have been incorporated to minimize the 
noise coupling and crosstalk among the VCOs. The 
highlights of the ML6311 VCO architecture are that it is a 
fully differential, high speed circuit with built-in switching. 
It provides a constant amplitude across the frequency span 
with on-chip timing capacitors. The system noise is highly 
minimized as the VCO operates at only 1 .5X the data rate. 

It provides 40-bits for user programmability of a number 
of features through a serial microprocessor interface and a 
bank of internal control registers. The control registers 
come up in an undetermined state on physical power-up 
and hence need to be initialized, to setup the ML6311 in a 
known state, on power-up. The control registers will retain 
their contents in all the power down modes, until power is 
physically switched off to the chip. The center frequency 
of the frequency synthesizer VCO is programmed with a 
5-bit current DAC. The program information can be 
provided by the user, or it can be derived from the M & N 
information. The VCO control current results from the 
summation of this DAC based coarse control and PLL 
based fine control. The center frequency of the data 
separator VCO is programmed by duplicating the control 
current in the frequency synthesizer VCO as the coarse 
control. This leaves only the data rate variation to be fine 
tuned by the PLL, hence implying lower sensitivity and 
better jitter performance. The VC03 period is 
programmed from a 5-bit current DAC, which is in turn 
referenced to the VC02 control current. This will vary the 
1/2 cycle of VC03 for the required window centering 
programmability. Independent early and late write 
precompensation programmability is provided through a 
6-bit decoder array. The external resistor is used to set the 
time delay for the precompensation. 

The ML6311 supports six power down modes for 
implementation of intelligent power management 
schemes. An external hardware pin is also provided to 
implement real time power management. The operating 
power dissipation is targeted to be less than 1 70mW, 
while it will dissipate less than 100juW in the sleep mode. 



In this mode all sections are powered down except the 
serial microprocessor interface. 

The ML6311 accepts the raw data in a pseudo ECL voltage 
level, as generated by the ML6310 and provides the 
synchronized data and clock outputs for the disk 
controller. Please refer to the block diagram of the 
ML6311 for the details. 

VCO ARCHITECTURE 

The most critical circuit blocks in the ML6311 are 
the three VCOs. The first VCO is used in the frequency 
synthesizer PLL, the second VCO is used in the data 
separator PLL and the third VCO is used to generate 
the tracking 1/3 cell delay for (1, 7) RLL data synch- 
ronization or a tracking 1/4 cell delay for (2, 7)RLL 
data synchronization. 

The VCO architecture is optimized to minimize noise 
coupling from the digital sections of the chip and also the 
cross talk among the VCOs. The highlights of the VCO 
architecture are: 

■ High speed operation with built-in switching 
mechanism for optimized performance. 

■ Fully differential circuit configuration to achieve high 
level of noise immunity. 

■ On chip timing capacitors to control accuracy and for 
better noise immunity. 

■ Constant amplitude across frequency span. 

■ Symmetrical waveform (-50% duty cycle). 

The operating frequency of the VCO is controlled by the 
tail current of the VCO which consists of two components 
— a fixed but programmable current (coarse), generated 
from a DAC which is controlled by the control register #3 
and a variable current generated from the PLL. The coarse 
setting sets the center frequency of the VCO near the 
operating frequency and the negative feedback around the 
PLL is used to tune the VCO into the target operating 
frequency. To minimize the dependence on process and 
temperature variations the DAC current is derived using 
an external 1 % resistor Rvco The center frequency is 
given by the equation: 



fo = 



m + 17 



(16xR V coxQ 



where m = to 31 from control register #3 

C = internal capacitor 

Rvco = 7.87 kOhms, 1 % (recommended) 

The architecture of the VCOs is such that they are running 
at 1 .5X the data rate, as opposed to the 3X data rate in the 
conventional designs used for (1, 7) RLL data streams. This 
reduces the speed requirements of the circuits and also 
helps in minimizing crosstalk between the VCOs, thus 
contributing towards overall system noise immunity. The 
output of the VCO is sent to a frequency doubler to 
generate the 3X frequency locally which is then divided 
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by 2 or 3 to generate the synchronized 1 .5X and 1 X 
clocks. Zero phase start of the data separator VCO is 
supported for initial phase alignment. 

PLL ARCHITECTURE 

There are two PLLs implemented to realize the data 
separation (for data and clock recovery) and frequency 
synthesis function (required to support a zoned bit 
recording (ZBR) implementation). Shown below is a block 
diagram of the PLL which requires a first order loop filter. 
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PLL LOOP FILTER DESIGN 
FOR FREQUENCY SYNTHESIZER 

To select the components for the loop filter, two 
parameters, £ (damping factor) and co n (natural frequency) 
of the loop characteristic need to be specified. 

It is desirable to have the damping factor % between 0.5 
and 1 to prevent locking to harmonics while maintaining 
an acceptable lock time. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

The desired natural frequency co n of the loop is deter- 
mined by satisfying the acquisition time (1% maximum 
phase error after phase acquisition) which is less than the 
minimum track-to-track seek time. This yields a settling 
time of approximately t$ = 5/co n . 

The formulae for the filter components are shown in 
equations (1) and (2). 



Figure 4. Block Diagram of PLL. 

To design the PLL response with a well controlled loop 
gain value, an external 1% resistor (Rpump) ' s use d to set 
the charge pump current according to the bandgap 
reference voltage generated on chip. The recommended 
value for Rpump is 7.5kOhms. The capacitor in series 
with the resistor in the loop filter is chosen so that 
typically it is 10 times the other capacitor. The resistor is 
chosen to yield a damping factor between 0.5 and 1 for 
the acquisition performance of the PLL. The 
recommended loop filter values are shown in the typical 
external component diagram. 

FREQUENCY SYNTHESIZER PLL 

In a ZBR implementation, the disk is divided into a 
number of zones and the data rate varies from zone to 
zone. In order to support a ZBR implementation the 
appropriate frequencies need to be synthesized. VCOI is 
used in the ML6311 frequency synthesizer to generate a 
clock with frequency fycoi- This is given by the formula: 



r vcoi = 



(M + pxfxTAL 
(N + 1) 



where M and N are 7-bit dividers, programmable through 
control registers #6, 5, 4. M and N should be at least 1 so 
that the divide ratio in both the forward and feedback 
paths are no less than 2, as that 50% duty cycle is 
guaranteed for the phase compared clocks. In a typical 
application the users keeps the N at a fixed value and 
reprograms M from zone to zone to synthesize the 
required frequency. A 2.5:1 span is required for most 
applications. The synthesized VCOI clock is used to 
derive the encoder clock and the RRC (read/reference 
clock) for the write operation in ZBR applications. The 
VCOI clock is also used to train VC02 PLL during the 
non-read mode. 



J<o_ 
,_2§cMM+! 



(D 



(2) 



Ko 

where Kq = KqKvco (open loop gain) 

The operating frequency Fyco (code rate) is programmed 
by M&N registers. Equation (3) shows the programming 
relationship. 



fvco 



= (M + D 
(N + D r^TAL 



(3) 



The value of N should be fixed in the above equation and 
allow only the M to change for desired operating fre- 
quency. 

Loop Filter Design Example: 

NRZ data rate = 1 2 to 24 Mbps (1 :2 ratio) 
Code rate, F V co = 24 to 48MHz 

(assumes (2, 7) RLL code) 
F XT AL = 20MHz 

Choose N = 19, => M = 23 to 47 
KdKvco = 800 A/S/V 

Let the loop damping factor, £ = 0.9 at Fvco = 24MHz to 
allow £ to drop at higher frequencies. Let 0) n = 50Krad/s 
(relatively low frequency, in the order of tens Krad/s for 
better jitter performance). This value produces a loop 
settling time = 100u,s. 

from eqn. (3) M + 1 = 24 

from eqn. (1) C] = 13.3nF => C 2 = Q/15 = 880pF 

from eqn. (2) R = 2.7KQ 

At Fyco = 48MHz, M+1 = 48 which yields £ = 0.64, and 
co n = 3 5 Krad/s. 
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DATA SEPARATOR PLL 

The center frequency of VC02 is programmed by 
duplicating the control current in the VC01 as the coarse 
control (control register #3). VCOIN2 thus has to do the 
fine tuning due to data rate variations (less than several 
percent), thus implying low sensitivity and good jitter 
performance. This is an important factor because the data 
separator PLL has higher bandwidth (of the order of 
200KHz) to track the data rate variations and is hence 
more susceptible to noise induced jitter. 

The charge pump has two modes of operation. During the 
non-read mode, the VCO clock is compared to the 
frequency synthesizer clock in every cycle, hence the 
charge pump operates in the low speed mode. After Read 
Gate is asserted, the charge pump is switched to the high 
speed mode with (3X CPG = 0) gain and VCO clock is 
compared to the preamble data on every third clock 
(assuming 3T preamble pattern for (1, 7) RLL code). 

The overall block diagram for the PLL can be 
described as: 
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where N = The ratio of the VCO frequency to the input 
frequency 



To select the components for the loop filter, the user needs 
to consider the following loop requirements: 

1 . Residual phase error at the end of the preamble 
should be less than 4% of the total synchronization 
window (i.e. 9 e < 1 ns for Fyco = 48MHz or T w = 
20.8ns). This implies a large loop bandwidth so that 
it can quickly obtain lock within a predetermined 
length of the preamble field. 

2. The lock-in range Ao0|_ must larger than the expected 
frequency step change due to variations in disk 
rotational velocity. In today's technology, the disk 
rotational velocity can be well controlled within 
±1%. 

3. The natural frequency co n and the damp factor £ of 
the loop must be minimized to achieve maximum 
jitter rejection in the data field. The minimum value 
for the damping factor % will be 0.5 for adequate 
stability. 

4. Re-lock time to the reference clock (frequency 
synthesizer) must be less than the minimum track-to- 
track seek time. 

It is generally valid to assume the minimum value of wn is 
dominated by the bandwidth needed during preamble 
from requirement #1 . This assumption will be checked in 
the design example. 

The following loop filter design example assumes: 

a. (2, 7) RLL code 

b. The PLL encounters a phase offset instead of a 
frequency offset of the incoming data at the initial 
lock acquisition. The zero phase start function 
minimizes the initial phase offset to ±(0.2T + 2)ns 
where T = synchronization window. 
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Figure 4. Transient Phase Error 9 e (t) 
Due to Step in Phase A6. 



Figure 5. Transient Phase Error 6 e (t) 
Due to Step in Frequency Acq. 
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Since the highest data rate yields the minimum amount of 
time that the PLL has to settle before decoding data, the 
settling time is calculated based on the highest data rate. 

Loop Filter Design Example: 

NRZ data rate = 24MHz 

Code rate, Fyco = 48MHz 

n min = 3 (during preamble, highest recorded 

frequency) 
Nmax = 8 (lowest recorded frequency) 
Preamble length = 24 of 3T (100) pattern 
TS (settling time of PLL) = 3 x 24 -^ 48MHz = 1 .5us 
Initial phase error 6 e i = 3ns 
Final phase error (after TS) G e ,f < 20% of 9 e ,- 
K = 3200 A/S/V during preamble 

It is desirable to have the damping factor £ between 0.5 
and 1 during acquisition. For a high gain, second-order 
loop this results in minimum noise bandwidth. 

Let the loop damping factor % = 0.8 to allow £ to drop at 

N*3 

As shown in figure 4, with £ = 0.8, choosing co n T = 2.4 the 

phase error will be at most 20% of the initial phase error. 

Since T$ = 1 .5|is, co n = 1 .6Mrad/s. 

If the previous assumption is correct, co n = 1 .6Mrad/s 
should meet the loop requirements 2 and 4. First, examin- 
ing requirement #2: 

Let the maximum frequency step Af = ±1 % of the 
preamble frequency 

Af = ± 0.01 x 48MHz - 3 = ±1 60KHz 
Lock-in range is given by 
Aco L = 2^G) n = 2 x 0.8 x 1 .6Mrad/s = 2.56 Mrad/s 

Thu, Af L = 407KHz > 1 60KHz and requirement #2 is met. 

User is encouraged to check that co n =1 .6Mrad/s durnig 
preamble does meet the requirement #4. 

Recall the equations for determining the filter 
components: 



Q 



2 

C0n 



(4) 



R: 



Ko 



(5) 



from eqn. (4) 
from eqn. (2) 



d = 41 7pF =» C 2 = Q/1 5 = 28pF 

R = 2.4Kfi 



The above analysis is only shown as an example. The 
calculated values for filter components are most likely not 
optimized for all systems using the same data rate, code 
and preamble. 

The coarse center frequency of the frequency synthesizer 
VCO is programmed with a 5-bit current DAC in 
conjunction with control register #3. This speeds up the 
frequency acquisition and also minimizes the VCO 



sensitivity to VycoiNi and improves the jitter 
performance. The synthesized frequency is tuned using 
the M & N divider information and the crystal frequency, 
as given by the equation above. 

1/3 CELL DELAY & SYNCHRONIZER 

The synchronizer circuits align the encoded read data 
pulses to the data separator VCO clock for the proper 
decoding of read data. The encoded read data comes in at 
ECL levels with the timing information embedded in its 
falling edges. On each rising edge of the encoded read 
data, the VC03 is enabled for half of a cycle to generate a 
DRD (delayed read data) pulse. The falling edges of the 
DRD pulse enable the phase detector, which operates in 
phase only mode during read operation, so that the falling 
edges of the DRD will be phase compared to the rising 
edges of the VC02 clock. The falling edges of the DRD 
are aligned to the rising edges of the VC02 clock by the 
negative feedback around the PLL. The rising edges of 
DRD set the output of the internal data register to a 1 , so 
that the following rising edge of the VC02 clock will 
clock it into the synchronizer. After the 1 is clocked into 
the synchronizer, the internal data register is reset to a 
and the following VC02 clocks will clock in 0's to the 
synchronizer until the data register is set by another read 
pulse. The VC03 period is programmed from a 5-bit DAC 
which is in turn referenced to the VC02 control current. 
This will vary the 1/2 cycle of VC03 for the required 
window centering programmability (control register #2), 
while performing a window margin test. 

When the RAW bit in control register #6 is set, then this 
becomes a 1/4 cell delay and the endec is disabled, thus 
allowing the handling of (2, 7)RLL data. The synchronized 
data and 2X clock outputs are made available on the 
NRZOUT and RRC pins. 

READ MODE OPERATION OF THE ML6311 

When Read Gate (RG) is inactive low, the data separator 
PLL is locked to the VC01 clock with the phase detector 
operating in the phase/frequency mode. The internal 
multiplexer selects the 1 X clock derived from VC01 clock 
and outputs it as the RRC (read/reference clock). 

When Read Gate (RG) goes active high, the chip enters 
the read mode. In the read mode the decoder circuits and 
the NRZOUT signal are enabled. The internal counter 
star ts cou nting the number of pulses received on the 
RD/RDB input. After 3 pulses the VC02 is stopped. VC02 
will restart at the next input transition. The zero phase 
start circuit eliminates the initial misalignment and speeds 
up the PLL acquisition. When VC02 restarts, the phase 
detector is switched to phase only mode with the input 
connected to DRD (delayed read data). The phase 
detector gain is also increased by 3X to ensure that the 
PLL has enough bandwidth to lock within 16 preamble 
bytes. After 1 6 more RD pulses the PLL acquisition is 
assumed complete. The multiplexer now selects the 1 X 
clock derived from VC02 clock and outputs it as the RRC 
(read/reference clock). The decoder then recovers the 
NRZ data from the RD input and outputs it onto the 
NRZOUT pin. The data on NRZOUT is clocked out on 
the falling edges of RRC. 
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The end of the read operation is signalled by Read Gate 
going inactive low, which then returns the NRZOUT pin 
to high impedance and also switches the phase detector 
input to the VC01 clock with low gain. VC02 is stopped 
again and is restarted, synchronized with VCOI . Circuitry 
is implemented to ensure a glitchless transition of the 
clock frequencies on the RRC output. 

WRITE MODE OPERATION OF THE ML6311 
WRITE PRECOMPENSATION CIRCUITRY 

When Write Gate (WG) is asserted active high, the chip 
enters the write mode. During this mode it clocks in the 
data on the NRZIN input on the rising edg es of WCLK and 
puts out the (1, 7 )RLL encoded write data (WD). The 
width of the WD pulse is made to track the data rate. 
Write precompensation can be achieved on this write data 
if desired. Write precompensation can be bypassed by 
setting the appropriate bit in control register #0. Write 
precompensation is implemented through a decoder array 
and the precompensation current is set through an 
external resistor, Rwpo The recommended values of Rwpc 
are 7.5KOhm or 1 5KOhm. The early and late shift values 
are independently programmed through control registers 
#1 & #0. Table 1 shows the (1, 7) RLL code mapping table 
used in the ML6311 and Table 2 shows the write 
precompensation algorithim. 



Table 1 : (1, 7) RLL Code Mapping table 




NRZ DATA 


(1, 7) RLL CODE 


XO X1 X2 X3 


Y1 


Y2 Y3 Y4 Y5 


Y6 


* * 


X 


1 




1 * * 





1 




1 * * 


X 







110 





10 


1 


110 1 


X 








1110 


X 





1 


1111 





10 






Table 2: Write Precompensation 


Algorithm 


BIT BIT 


BIT BIT BIT 


COMPENSATION 


n-1 n-2 


n n+1 n+2 


BITn 


1 


1 1 


None 





1 


None 


1 


1 


Early 





1 1 


Late 



Late: Bit n is time shited (delayed) from its nominal time position towards the 

bit n+1 time position. 
Early: Bit n is time shited (advanced) from its nominal time position towards the 

bit n-1 time position. 



POWER MANAGEMENT 

The ML6311 provides a hardware pin (PDNB) and three 
bits in control register #7 for seven levels of micro power 
management control. 



| 1 | 1 | 1 | CPG | BUF | PM2 | PMt | PMO | 



Note: X is the complement of the previous code bit 



The major circuit blocks in the ML631 1 comprises of the 
regulator, the serial interface, VCOI & frequency 
synthesizer PLL, VC02 & data separator PLL, VC03, 
synchronizer, decoder, encoder, precompensation circuits, 
bias circuits and I/O circuits. The PDNB pin in 
conjunction with the 3 bits in control register #7 can be 
used to selectively turn off a combination of these blocks 
depending on the mode of operation. This allows the 
system designer to turn off sections of the chip that are not 
in use during a particular sequence of events, thus 
minimizing power dissipation at a micro management 
level. Table 3 shows these seven different power down 
modes and the circuit blocks affected in these different 
modes. Total typical power dissipation has two 
components — analog power dissipation which is more or 
less constant and digital power dissipation which varies 
with operating data rate. 



Table 3: Power down modes in the ML6311 with typical power dissipation 


POWER DOWN MODE 


SLEEP 


IDLE 


PLLFS 


READ 


WRITE 


NORMAL 


PDWN 


PDNB pin 


high 


high 


high 


high 


high 


high 


low 


Bits PM2,PM1, PMO 


000 


010 


011 


100 


101 


110 


XXX 


VCOI and PLLFS 


off 


off 


on 


on 


on 


on 


off 


VC02 and PLLDS 


off 


off 


off 


on 


off 


on 


off 


VC03, Synchronizer 
and Decoder 


off 


off 


off 


on 


off 


on 


off 


Encode & WPrecomp 


off 


off 


off 


off 


on 


on 


off 


Bias and I/O circuits 


off 


on 


on 


on 


on 


on 


off 


Serial Interface 


on 


on 


on 


on 


on 


on 


on 


Typical analog power 
dissipation @ 2.7V 


25uW 


14mW 


40mW 


97mW 


41 mW 


100mW 


25|xW 
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SERIAL MICROPROCESSOR INTERFACE 

The serial microprocessor interface consists of a simple 
three-wire serial port. Data is shifted serially into the 
ML631 1 on the SDATA line on the fal ling e dges of the 
serial shift clock, SCLK, provided the SENB pin is active 
(low). The data is shifted in blocks of eight bits with MSBit 
first. The internal registers are organized in blocks of eight 
bits, with the three most significant bits denoting the 
address, followed by the five data bits. This addressing 
scheme thus allows for a register bank of eight registers. 
When the chip is physically powered-up, the control 
registers come up in an undetermined state and hence 
they need to be initialized to some preset configuration, 
so that the behavior of the chip is predictable. The control 
registers retain their programmed information in all the 
power-down modes, exce pt whe n the chip is physically 
powered-down. When the SENB pin goes inactive (high), 
the SDATA and SCLK pins are ignored and the previously 
shifted information is latched on the rising edge of the 
SENB, into the appropriate register bank based on the 
address bits. It is recommended that the SCLK input be 
kept inactive low till such time when it is in use. The 
SCLK input is capable of handling speeds up to 20MHz. 

CONTROL REGISTER DEFINITIONS 

The control register bank consists of eight registers with 
addresses from through 7. Outlined below are the 
detailed bit by bit definitions of the control registers 
through 7. 

CONTROL REGISTER #0 

Write Precompensation Late control 

MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 











L2 


L1 


L0 


BYP 


REG 



BYP = Do not bypass the write precompensation 

circuitry 

BYP = 1 Bypass the write precompensation circuitry 

REG = implies regulator is ON (5V Mode) 

REG = 1 implies regulator is OFF (3V Mode) 

The REG bit applies only in the 3V operating mode, where 
the regulator should be switched OFF, to minimize power 
dissipation, as it is not needed. This bit must be set to in 
the 5V operating mode. 



L2 


L1 


L0 


Rwpc = 7.5 K 


Rwpc = ^SK 











ns 


ns 








1 


0.5 ns 


1.0 ns 





1 





1.0 ns 


2.0 ns 





1 


1 


1.5 ns 


3.0 ns 


1 








2.0 ns 


4.0 ns 


1 





1 


2.5 ns 


5.0 ns 


1 


1 





3.0 ns 


6.0 ns 


1 


1 


1 


3.5 ns 


7.0 ns 



CONTROL REGISTER #1 

Write Precompensation Early control 

MSB 





A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 












1 


E2 


E1 


E0 


RSVD 


RSVD 




RSVD 


= 1 


Reserved, must be programmed as a 1, all the 
time, to ensure proper operation of the chip. 


E2 


E1 


E0 


RwPC = 7.5 K 


Rwpc = 15K 















ns 




ns 










1 




0.5 ns 




1.0 ns 







1 







1.0 ns 




2.0 ns 







1 


1 




1.5 ns 




3.0 ns 


1 












2.0 ns 




4.0 ns 


1 







1 




2.5 ns 




5.0 ns 


1 




1 







3.0 ns 




6.0 ns 


1 




1 


1 




3.5 ns 




7.0 ns 
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CONTROL REGISTER #2 

Data separator PLL window centering control 



CONTROL REGISTER #3 

VCO Coarse Center Frequency Control 



MSB 



MSB 





A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 









1 





WC4 


WC3 


WC2 


WC1 


WCO 
















WC4 


WC3 


WC2 


WC1 WCO 


VALUE 














-24.0 % 











1 


-22.4 % 











1 


-20.8 % 











1 1 


-19.2% 








1 





-17.6% 








1 


1 


-16.0% 








1 


1 


-14.4% 








1 


1 1 


-12.8% 













-1 1 .2 % 










1 


-9.6 % 










1 


-8.0 % 










1 1 


-6.4 % 







1 





-4.8 % 







1 


1 


-3.2 % 







1 


1 


-1.6% 







1 


1 1 


% (center) 













+1 .6 % 










1 


+3.2 % 










1 


+4.8 % 










1 1 


+6.4 % 







1 





+8.0 % 







1 


1 


+9.6 % 







1 


1 


+1 1 .2 % 







1 


1 1 


+12.8% 












+14.4% 









1 


+16.0% 









1 


+1 7.6 % 









1 1 


+19.2% 






1 





+20.8 % 






1 


1 


+22.4 % 






1 


1 


+24.0 % 






1 


1 1 


+25.6 % 





A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 









1 


1 


CF4 


CF3 


CF2 


CF1 


CF0 














CF4 


CF3 CF2 


CF1 CF0 


F MHZ 











17 MHz 








1 


18 MHz 








1 


19 MHz 








1 1 


20 MHz 





1 





21 MHz 





1 


1 


22 MHz 





1 


1 


23 MHz 





1 


1 1 


24 MHz 











25 MHz 








1 


26 MHz 








1 


27 MHz 








1 1 


28 MHz 





1 





29 MHz 





1 


1 


30 MHz 





1 


1 


31 MHz 





1 


1 1 


31 MHz 










33 MHz 







1 


34 MHz 







1 


35 MHz 







1 1 


36 MHz 




1 





37 MHz 




1 


1 


38 MHz 




1 


1 


39 MHz 




1 


1 1 


40 MHz 










41 MHz 







1 


42 MHz 







1 


43 MHz 







1 1 


44 MHz 




1 





45 MHz 




1 


1 


46 MHz 




1 


1 


47 MHz 




1 


1 1 


48 MHz 



CONTROL REGISTER #4 

Divide by N Control 

MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 


1 








N6 


N5 


N4 


N3 


N2 



CONTROL REGISTER #5 

Divide by M Control 

MSB 



A2 


A1 


A0 


D4 


D3 


D2 


D1 


DO 


1 





1 


M6 


M5 


M4 


M3 


M2 
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CONTROL REGISTER #6 

Divide by M & N and endec control 



CONTROL REGISTER #7 

Power Down Control 



MSB 



MSB 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 


1 





RAW 


M1 


MO 


N1 


NO 



RAW = Onboard (1 , 7)RLL endec enabled NRZ data 
output on NRZOUT and 1 X clock output on 
RRC pins. 

RAW = 1 Onboard (1 , 7) RLL endec is disabled. Encoded 
synchronized data on NRZOUT pin and VCO 
clock output (2X clock) is available on the RRC 
pin for (2, 7)RLL code. 

M & N are given by : 

M = M6 x 26 + M5 x 25 + M4 x 24 + M3 x 23 + M2 x 22 
+ M1 x21 +1 



M = 64 x M6 + 32 x M5 + 1 6 x M4 + 8 x M3 + 4 x M2 
+ 2xM1 +1 

and 

N = N6 x 26 + N5 x 25 + N4 x 24 + N3 x 23 + N2 x 22 
+ N1 x21 +1 



N = 64 x N6 + 32 x N5 + 1 6 x N4 + 8 x N3 + 4 x N2 + 
2xN1 +1 

Note: The 7-bit M & N values are updated (latched) 
internally only when the most significant bit (M6 or N6) 
is written to, irrespective of changes in any other bits. 



A2 


A1 


AO 


D4 


D3 


D2 


D1 


DO 


1 


1 


1 


CPC 


BUF 


PM2 


PM1 


PMO 



BUF = 1 This bit enables the ECL output buffers so that 
the test signals DRD and VC02CLK are made 
available to the user. 

BUF = This disables the ECL output buffer. The two 
pins (ECL output buffer) must be left open for 
zero power consumption. 

CPG = Implies PLLDS Charge Pump Gain is 1 X in 
training mode and 3X in the read mode. 

CPG = 1 Implies PLLDS (Data Separator) Charge Pump 
Gain is 2X in training mode and 4X in the 
read mode. 

Bit configuration for power down modes 



PDNB 


PM2 


PM1 


PMO 


MODE 













SLEEP 










1 


Reserved 







1 





IDLE 







1 


1 


PLLFS 




1 








READ 




1 





1 


WRITE 




1 


1 





NORMAL 




1 


1 


1 


Reserved 





X 


X 


X 


PDOWN 



Note: PDOWN dissipation is the same as SLEEP mode 



ORDERING INFORMATION 



PART NUMBER 


VCC RANGE 


TEMPERATURE RANGE 


PACKAGE 


ML6311 CH2 


2.7V to 3.3V 


0°C to 70°C 


32-pin TQFP (H32) 


ML6311 CH3 


3.0V to 3.6 


0°C to 70°C 


32-pin TQFP (H32) 


ML6311 CHS 


4.5V to 5.5V 


0°C to 70°C 


32-pin TQFP (H32) 
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3V/5V 4-Channel Thin-Film 
Read/Write Circuit 



GENERAL DESCRIPTION 

The ML6320 is a BiCMOS monolithic read/write circuit 
designed for use with two-terminal recording heads, in the 
next generation disk drives operating on 3V supplies. In 
addition it can also support a 5V supply, available as a 
bonding option. They provide a low noise read amplifier, 
write current control, and data protection circuitry for up 
to four channels. The ML6320 incorporates internal 400Q 
damping resistors which are required for the write 
operation to the disk. When the device is switched to read 
mode, the damping resistors are switched out to allow the 
full signal to be amplified, thus allowing for better noise 
immunity. Power supply fault protection is provided by 
disabling the write current generator during power 
sequencing. System write to read recovery time is 
significantly improved by controlling the read channel 
common mode output voltage shift in the write mode. 

The ML6320CR-3 operates on 2.7V to 3.6V and is 
available in a 20-pin SSOP package. This is pin 
compatible with the SSI 32R2300R and VTC VM3200 
family of 3V devices. The ML6320CS-5 operates on 
4.75V to 5.25V and is available in a 20-pin SOIC 
package. This is pin compatible with the ML4610R, SSI 
32C2020R and VTC VM7200 family of 5V devices. 



FEATURES 

■ Operating supply range for the ML6320CR-3 is 2.7V 
to 3.6V (3 V part) 

■ Operating supply range for the ML6320CS-5 is 4.75V 
to 5.25V (5V part) 

■ Low Power Dissipation: 

Pidle < 3mW, 

Pread < 100mW (Nominal Read) (@ 3.6V) 

■ Read Mode gain = 250V/V 

■ Damping resistors switched out in Read mode 

■ Nominal input noise = 0.6nV/VRz 

■ Nominal input capacitance < 1 5pF typical 

■ Write Current range = 3-30mA 

■ Head Inductance range = 0.2 to 5liH 

■ Enhanced system write to read recovery time 

■ Power supply fault protection provided 

■ Supports two terminal thin film heads 

■ Write Unsafe detection circuitry onboard 



BLOCK DIAGRAM 
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PIN CONNECTION 



ML6320 

(S20W) 



GND EH 1 



HOX d 
HOY CE 
H1X UZ 
H1Y HE 
H2X UZ 
H2Y EL 
H3X CT 
H3Y d 

vcc CH 



20 13 cs 
19 ID R/W 
18 13 WC 
17 T2 RDY 
16 ID RDX 
15 ID HSO 
14 ID HS1 
13 3D NC 
12 U WDI 

11 X] wus 



TOP VIEW 



PIN DESCRIPTION 



NAME 



TYPE FUNCTION 



NAME 



TYPE FUNCTION 



Head Select: Selects one of four heads 

Chip Select: A high inhibits the chip 

Read/Write: A high selects read mode 

Write Unsafe: A high indicates an 
unsafe writing condition 

I Write Data In: Changes the direction 
of the current in the head 

I/O X,Y Head Connectors 



HSO, HS1 


I 


CS 


I 


R/W 


I 


WUS 


o 



WDI 

HOX - H3X 
HOY - H3Y 



RDX, RDY O X, Y Read Data: Differential read data 
output 

WC Write Current: Used to set the 

magnitude of the write current 

VCC I +3 volt supply (2.7V to 3.6V) 

— ML6320CR-3 

+5 volt supply (4.75V to 5.25V) 

— ML6320CS-5 

GND I Ground 
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ABSOLUTE MAXIMUM RATINGS 

DC Supply Voltage (V C c) -0.3 to +7VDC 

Write Current (Iw) 40mA 

Digital Input Voltage (V| N ) -0.3 to VCC + 0.3 VDC 

Head Port Voltage (V H ) -0.3 to VCC + 0.3VDC 

Output Current: (RDX, RDY 10) -10mA 

Output Current: (WUS) +1 2mA 

Storage Temperature Tstg -65 to +150°C 



RECOMMENDED OPERATING 
CONDITIONS 

DC Supply Voltage (V cc ) 2.7V to 5.25V 

Operating Junction Temperature (Tj) +25° to +110°C 



ELECTRICAL CHARACTERISTICS 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


Supply Current 
V C c = 2.7V to 3.6V 


Read Mode 
Write Mode 
Idle Mode, CS and R/W = V cc 






26 

20 + l w 

0.8 


mA 
mA 
mA 


Supply Current 

V CC = 4.75V to 5.25V 


Read Mode 
Write Mode 
Idle Mode, CS and R/W = V cc 






26 

20 + lw 

1.0 


mA 
mA 
mA 


Power Dissipation 
V CC = 3.6V 


Read Mode 

Write Mode, Iw = 20mA 

Idle Mode 






93 

144 
2.9 


mW 
mW 
mW 


Power Dissipation 
V CC = 5.25V 


Read Mode 

Write Mode, l w = 20mA 

Idle Mode 






136 
210 
5.25 


mW 
mW 
mW 


DIGITAL INPUTS 


Input Low Voltage 








0.8 


VDC 


Input High Voltage 




2.0 






VDC 


Input Low Current 


V, L = 0.8V 


-0.1 






mA 


Input Low Current, CS and R/W pins 


V| L = 0.8V, V cc = 5.25V 


-0.48 






mA 


Input Low Current, CS and R/W pins 


V| L = 0.8V, V cc = 3.6V 


-0.30 






mA 


Input High Current 


V, H = 2.0V 






10 


uA 


WUS Output Low Voltage 


Iql = 2 mA max 






0.5 


VDC 


VCC Fault Voltage 


l w < 0.2 mA 


2,25 


2.45 


2.65 


VDC 


WRITE CHARACTERISTICS 


Write Current Constant "K" 




36.8 


40 


43.2 


mA/mA 


Write Current Voltage 




1.15 


1.25 


1.35 


V 


Differential Head 
Voltage Swing 




3.4 


6 




Vp-p 


Unselected Head Current 








0.6 


mA (pk) 


Head Differential 
Load Capacitance 








40 


pF 


Head Differential 
Load Resistance 


Rd 


250 


350 


450 


Q 


WDI Transition Frequency 


WUS = low 


0.75 






MHz 


Write Current Range (Iw) 




3 




30 


mA 
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ELECTRICAL CHARACTERISTICS 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



SWITCHING CHARACTERISTICS l w = 20mA, R H = 30Q, L H = 1uU, f DATA = 5MHz 



UNITS 



READ CHARACTERISTICS CL (RDX,RDY) 


< 20 pF, RL (RDX, RDY) = 1k£2 










Differential Voltage Gain 


V| N = 1mV P _p@1MHz 


210 


250 


285 


V/V 


Voltage BW 
-IdB 
-3dB 


lZsl<5Q, V| N = 1mV P _p 


20 
40 






MHz 
MHz 


Input Noise Voltage 


BW=15MHz, L H = 0, R H = 




0.63 


0.75 


nV/VRz 


Differential Input Capacitance 


V, N = 1 mVp_ P , f = 5MHz 






15 


pF 


Differential Input resistance 


V| N = 1mV P _ P/ f=5MHz 


500 






Q 


Dynamic Range 


AC input voltage where gain falls to 
90% of its small signal gain value, 
f=5MHz 


3 






mVp_p 


Common Mode Rejection Ratio 


V| N = volts DC + 100mVp_ P @ 5MHz 


45 






dB 


Power Supply Rejection Ratio 


1 00mV P _p @ 5MHz on V cc 


40 






dB 


Channel Separation 


Unselected channels driven with 
V| N = volts DC + 1 00mV P _p 


45 






dB 


Output Offset Voltage 




-350 




+350 


mV 


Single-Ended Output Resistance 


f=5MHz 






40 


a 


Output Current 


AC coupled load, RDX to RDY 


1.5 






mA 


Common Mode Output 


3V operation 


Vcc- 1.5 


V CC - 1-8 


V C c -2.1 


VDC 



Read to Write 


R/W to 90% of write current 




0.6 


1.0 


US 


Write to Read 


R/Wto90%of100mV 
Read signal envelope 




0.5 


1.0 


US 


Unselect to Select 


CS to 90% of write current or 
90% of 100m V, 10MHz 




0.6 


1.0 


us 


Select to Unselect 


CS to 1 0% of write current 




0.4 


1.0 


us 


HS0-1 to any head 


To90%of100mV10MHz 
Read signal envelope 




0.2 


1.0 


us 


WUS 
Safe to Unsafe (TD1) 
Unsafe to Safe (TD2) 




0.6 


2.0 
0.2 


3.6 
1.0 


us 
us 


Head Current: 
WDI to Ix - ly (TD3) 
Asymmetry 
Rise/Fall Time 


L H = 0, R H = 
From 50% points 
WDI has 1 ns rise/fall time 
10% to 90% points 






32 
1.0 
12 


ns 
ns 
ns 
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WUS 


1 
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-** 
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HEAD \ 1 \ 1 \ 

CURRENT 

(tx-ty) 
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Figure 1 . Write Mode. 



MODE SELECT 



HEAD SELECT 



cs 


R/W 


MODE 








Write 





1 


Read 


1 





Idle 


1 


1 


Idle 



HS1 


HSO 


HEAD 














1 


1 


1 





2 


1 


1 


3 



FUNCTIONAL DESCRIPTION 

The ML6320 has the ability to address up to 4 two- 
terminal thin-film heads and provide write drive or read 

amplification. Head selection and mode control jre 

described in the tables below. The TTL inputs R/W and CS 
have internal pull-up resistors to prevent an accidental 
write condition. HSO and HS1 have internal pull-downs. 
Internal clamp circuitry will protect the ML6320 from a 
head short to ground condition in any mode. The 
damping resistors aje^ switched out during read mode, as 
identified by the R/W pin. 

WRITE MODE OPERATION 

Taking both CS and R/W low selects write mode which 
configures the ML6320 as a current switch and activates 
the Write Unsafe (WUS) detector circuitry. Head current is 
toggled between the X and Y side of the selected head on 
each high to low transition of the Write Data Input (WDI). 
A preceding read or idle mode select initializes the Write 
Data Flip-Flop to pass write current through the "X" side 
of the head. The current calculations are shown below: 



Write current (peak) is given by: 

_K x VWC 



'w = 



RWC 



where 



RWC is connected from pin WC to GND 
Actual head current is given by: 



, x / Y = 



>w 
1+|tL 



where 

Rh = head + external wire resistance 
Rd = damping resistance 

In the write mode a 400£2 damping resistor is switched in 
across the Hx, Hy ports. 
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VOLTAGE FAULT DETECTION 

A voltage fault detection circuit improves data security by 
disabling the write current generator during a voltage fault 
or power start-up, regardless of mode. The Write Unsafe 
(WUS) open collector output goes high under any of the 
conditions given below. After the fault condition is 
removed, two negative transitions on WDI are required to 
clear WUS. 

— Write Data Input frequency too low 

— Device in Read or Idle Mode 

— No write current 

— Chip is disabled or head is open 

To ensure proper operation in detecting a head open 

condition, it is recommended that the product of 

lw x RDmin should be greater than 2.4V, or in other words: 



l\A/ « 



2.4V 
250Q : 



:10mA 



READ MODE OPERATION 

The Read mode configures the ML6320 as a low noise 
differential amplifier and deactivates the write current 
generator. The RDX and RDY output are driven by emitter 
followers. They should be AC coupled to the load. The 
(X,Y) inputs are non-inverting to the (X,Y) outputs. In the 
Idle or Write mode, the read amplifier is deactivated and 
RDX, RDY outputs become high impedance. This 
facilitates multiple R/W applications (wired-OR RDX, 
RDY) and minimizes voltage drifts when switching from 
Write to Read mode. The write current source is also 
deactivated for both the Read and Idle mode. In addition 
the ML6320 supports the feature by which the internal 
damping resistors are switched out in the read mode, 
which allows the full signal to be amplified. 

IDLE MODE OPERATION 

Taking CS high selects the idle mode which switches the 
RDX and RDY outputs into a high impedance state and 
deactivates the device. Power consumption in this mode 
is held to a minimum, less than 2mW. 



ORDERING INFORMATION 



PART .MUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6320CR-3 
ML6320CS-5 


0°C to +70°C 
0°C to +70°C 


20-Pin SSOP (R20) 
20-Pin SOIC (S20W) 
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Pulse Detector 



GENERAL DESCRIPTION 

The ML8464 is a Pulse Detector designed for use in 
magnetic disk applications to detect the amplitude 
peaks on the output of the read/write amplifier. These 
signal peaks are caused by flux reversal on the disk 
media, which when connected to the read/write 
amplifier result in an output consisting of a series of 
pulses of alternating polarity. The relative time position 
of these signal peaks is indicated by the leading edge 
of the TTL output pulses. The Pulse Detector 
accurately represents the time position of these peaks. 

The ML8464 contains three major blocks. The amplifier 
block contains a wide bandwidth differential amplifier 
with Automatic Gain Control (AGC) and a precision full 
wave rectifier. The time channel block includes a 
programmable differentiator followed by a bidirectional 
one shot multivibrator. The gate channel block 
includes a differential comparator with programmable 
hysteresis, a D flip-flop and an output bi-directional 
one shot multivibrator. The ML8464C internally 
connects the time channel output to the D flip-flop. 



FEATURES 

■ Wide differential input signal range 20-660 mVp_p 

■ TTL compatible digital Inputs and Output 

■ Externally gain controlled input differential amplifier 

■ Variable hysteresis comparator with gating circuitry 

■ Differentiator with externally programmable time 
constants 

■ Standard 12V power requirement 

■ Available in 24-pin DIP package, or a 28-pin surface 
mount PCC 

■ Improved pulse pairing (+1 ns max.) 

■ Handles RLL (1, 7) or (2, 7) data to 24 MB/s 

ML8464B FEATURES 

■ Direct replacement for DP8464B 



BLOCK DIAGRAM 
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IN 
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CONTROLLED 

AMPLIFIER 
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FULL WAVE 
RECTIFIER 
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CHANNEL 
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TIME 
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2 INPUT 



DIFFERENTIAL 
COMPARATOR 
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HYSTERESIS 



& 
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ONE SHOT 
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10 
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J2. TIME PULSE 
OUT 



13 TIME 
— PULSE 

IN 
(ML8486B 
ONLY) 



READ/WRITE Vref 



DIGITAL 
GROUND 



ANALOG SET CHANNEL 

GROUND HYSTERESIS ALIGNMENT 



SET PULSE ENCODED 
WIDTH DATA OUT 



* ML8464C ONLY 
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PIN CONNECTIONS 






TIME 






SET 




CHANNEL 










HYSTERESIS^ 


a 

TIME 
CHANNEL 


)+ / INPUT - 


CD+ [ 


1 


^ 24 


] CD- 


/ GATE 
/ CHANNEL 


TIME CHANNEL INPUT + [ 


2 


23 


] TIME CHANNEL INPUT - 
] GATE CHANNEL INPUT 


Vref n 


\INPUT + 


CD-/ INPUT 




3 


22 




nnnnnnn 




SET HYSTERESIS [ 




' 4 


3 2 1 


28 27 26 




Vref [ 


4 


21 


] GATE CHANNEL INPUT 


nc[ 


5 




25 


] GATE CHANNEL INPUT 


NC [ 


5 


20 


] ANALOG GROUND 


NC[ 


6 




24 


] ANALOG GROUND 


AMP IN + [ 


6 


24-Pin DIP 19 


] AMP OUT - 


AMP IN + [ 






23 


] AMP OUT - 


AMPIN- [ 


7 


18 


] AMP OUT + 


AMPIN- [] 


8 


28-Pin PLCC 22 


] AMP OUT + 


NC [ 


8 


17 


] DIGITAL GROUND 


NC[ 


9 




21 


] NC 


Vcc [ 


9 


16 


]c A cc 


Vcc[ 


10 




20 


] DIGITAL GROUND 


SET PULSE WIDTH [ 


10 


15 


] CHANNEL ALIGNMENT OUT 


NC[ 


11 




19 


]c A cc 


READ/WRITE [ 


11 
12 


14 
13 


] ENCODED DATA OUT 
1 TIME PULSE IN* 




12 


13 14 15 16 17 18 




TIME PULSE OUT [ 




L_l L_J L_l L_J L_J L_J LJ 

/ / / \ \ \ 












SET' / 


TIME 


ENCODEDX NC 
DATA OUT \ 




(TOP VIEW) 


PULSE / 
WIDTH / 


PULSE 
OUT 


NC = No Connect 








CHANNEL 


* THIS PIN IS A NO CONNECT ON THE ML8464C. 


READ/ WRITE' 


TIME PULSE IN* ALIGNMENT 


PIN DESCRIPTION 








NAME 


FUNCTION 


NAME 




FUNCTION 


Amp ln+, Amp In- 


Differential inputs to the Ampli- 


Set Pulse Width 


External capacitor between this 




fier. The output of the read/write 






pin and Digital ground is 




head amplifier should be capa- 






connected to control the pulse 




citively coupled to these pins. 






width of the Encoded Data Out. 


Amp Out+, Amp Out- 


Differential outputs of the 


Read/Write 


TTL input. When low, the chip is 




Amplifier. These outputs should 






in read mode and active. When 




be capacitively coupled to the 






High, the chip is forced into 




gating channel filter and to the 






stand by mode. 




time channel filter. 


Channel Alignment 


Buffered output of the differ- 


Gate Channel Inputs 


Differential inputs to the AGC 
block and the gating channel. 
Must be capacitively coupled 
from the Amp Out. 






ential comparator with hysteresis. 
This output is TTL on the 
ML8464B, and is open emitter 
on ML8464C. The ML8464C is 


Time Channel lnput+, 


Differential inputs to the time 






specified with a 2KQ pull-down 


Time Channel Input- 


channel differentiator. A filter is 






resistor to ground. 




required between these pins and 


Time Pulse In 


This is the TTL input to the 




Amp Out pins to band limit the 


(ML8464B only) 


clock of the D flip-flop. Usually 




noise and to correct for any 






it is connected to the Time 




phase distortion due to read 






Pulse Out pin. 




circuitry. Also inputs must be 


Time Pulse Out 


ML8464B: This is the TTL output 




capacitively coupled to prevent 






from the bidirectional one shot 




disturbing the DC input level. 






following the differentiator. 


CD^ CD- 


External differentiator network 
is connected between these 
two pins. 






Usually it is connected to the 

Time Pulse In pin. 

ML8464C: Open emitter-follower 


Set Hysteresis 


DC voltage on this pin sets the 






test point. 




amount of hysteresis on the 


Encoded Data Out 


TTL output. Leading edge of 




differential comparator. 






this pin indicates the time 


Vref 


AGC circuit adjusts the gain of 






position of the peaks. 




the amplifier to make the differ- 


Vcc 




12V power supply. 




ential peak to peak voltage on 


GND 




Digital ground. Digital signals 




the Gate Channel. Input is four 






should be referenced to this pin. 




times the DC voltage on this pin. 


AGND 




Analog ground. Analog signals 


Q\gc 


External capacitor between this 
pin and Analog ground is 
connected for the AGC. 






should be referenced to this pin. 
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FUNCTIONAL DESCRIPTION 

The output from the read/write amplifier is AC coupled 
to the amp input of the ML8464. The amplifier's output 
voltage is fed back via an external filter to an internal 
fullwave rectifier and compared against the external 
voltage on the V R ef pin. The AGC circuit adjusts the 
gain of the amplifier to make the peak to peak 
differential voltage on the Gate Channel Input four 
times the DC voltage on the Vrep Typically the signal 
on the amp out will be set for 4Vp_ P differential. Since 
the filter usually has a 6dB loss, the signal on the Gate 
Channel Input will be 2Vp_p differential. The user 
should therefore set 0.5V on Vref which can be done 
with a simple voltage divider from the +12V supply or 
other suitable reference. 

The peak detection is performed by feeding the output 
of the amplifier through an external filter to the 
differentiator. The differentiator output changes state 
when the input pulse changes direction, generally this 
will be at the peaks. However, if the signal exhibits 
shouldering, the differentiator will also respond to noise 
near the baseline. To avoid this problem, the signal is 
also fed to a gating channel which is used to define a 
level either side of the baseline. This gating channel is 



comprised of a differential comparator with hysteresis 
and a D flip-flop. The hysteresis for this comparator is 
externally set via the Set Hysteresis pin. In order to 
have data out, the input amplitude must first cross the 
hysteresis level which will change the logic level on the 
D input of the flip-flop. The peak of the input signal 
will generate a pulse out of the differentiator and 
bidirectional one shot. This pulse will clock the new 
data at the D input through to the output. In this way, 
when the differentiator is responding to noise at the 
baseline, the output of the D flip-flop is not changing 
since the logic level into the D input has not been 
changed. The comparator circuitry is therefore a gating 
channel which prevents any noise near the baseline 
from contaminating the data. The amount of hysteresis 
is twice the DC voltage on the Set Hysteresis pin. For 
instance, if the voltage on the Set Hysteresis pin is 0.3V, 
the differential AC signal across the gate channel input 
must be larger than 0.6V before the comparator will 
change states. In this case, the hysteresis is 30% of a 2V 
peak to peak differential signal at the gate channel 
input. 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 14V 

TTL Input Voltage 5.5V 

TTL Output Voltage 5.5V 

Input Voltage 5.5V 

Differential Input Voltage +3V 

JA for 24-Pin Plastic DIP (Copper Lead Frame) .... 60°C/Watt 

6 iA for 28-Pin PLCC (Copper Lead Frame) 60°C/Watt 

Storage Temperature Range -65°C to +150°C 



Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 
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DC ELECTRICAL CHARACTERISTICS 

Over recommended operating conditions of T A = to 70°C, Vcc 
Read/Write = 0.8V unless otherwise noted. (All pin numbers refer 



= 12.0V + 10%, V REF = 0.5V, Set Hysteresis = 0.3V, 
to DIP package.) 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


AMPLIFIER 


Z INAI 


Amp In Impedance 


0.8 


1.0 


1.5 


kO 




A-VMIN 


Min Voltage Gain 






6.0 


v/v 


AC Output 4V P _p Differential 


A VMAX 


Max Voltage Gain 


180 






v/v 


AC Output 4V P _p Differential 


V CAGC 


Voltage on C AGC 


2.8 


4.5 
3.4 


5.5 


V 
V 


A v = 6.0 
A v = 180 


GATE CHANNEL 


Z !NGCI 


Gate Channel Input Impedance 


1.75 


2.5 


3.25 


kQ 




'CAGC- 


Current that charges C AGC 


-1.5 


-2.5 


-3.5 


mA 


Pin 16 = 3.9V 

Pin 21 - Pin 22 = 1.3V 


ICAGC + 


Current that discharges C AGC 




1 


5 


M 


Pin 16 = 5.0V 

Pin 21 - Pin 22 = 0.7V 


'VREF 


Vref ' n P ut Bias Current 




-0.01 


-100 


A/A 




V THAGC 


AGC Threshold 


0.88 


1.0 


1.12 


V 


Pin 16 = 4.2V See Note 1 


ISH 


Set Hysteresis Bias Current 




-60 


-100 


M 




V THSH 


Set Hysteresis Threshold 


0.48 


0.6 


0.72 


V 


See Note 2 


TIME CHANNEL 


Z INTC 


Time Channel Input Impedance 


3.5 


5 


6.5 


kQ 




'CD 


Current into pins 1 & 24 that 
discharges C D 


2.1 


2.7 


3.4 


mA 




WRITE MODE 


Z INAI 


Amplifier Input Impedance in 
Write Mode 


100 




500 


O 


Pin 11 = 2V 


'CAGC 


Pin 16 Current in Write Mode 




1.0 


5.0 


M 


Pin 11 = 2V 

Pin 16 = 3.9V 

Pin 21 - Pin 22 = 1.3V 


DIGITAL PINS 


V IH 


High Level Input Voltage 


2.0 






V 


ML8464B: Pins 11, 13 


V, L 


Low Level Input Voltage 






0.8 


V 


ML8464C: Pin 11 


v, 


Input Clamp Voltage 






-1.5 


V 


V cc = 10.8V h = -18mA 


l|H 


High Level Input Current 






20 


M 


V cc = 13.2V, V, = 2.7V 


i| 


Input Current at Maximum 
Input Voltage 






1 


mA 


V cc = 13.2V, 
V, = 5.5V 


IlL 


Low Level Input Current 






-200 


M 


V cc = 13.2V, V, = 0.5V 


V H 


High Level Output Voltage 


2.4 






V 


V cc = 10.8V, V IOH - -40//A 
See notes 3, 7 


Vol 


Low Level Output Voltage 






0.5 


V 


V cc = 1°- 8 M Iol = 800//A, see note 7 


•osc 


Output Short Circuit Current 






-100 


mA 


V cc = 13.2V, V = 0V 


Ice 


Supply Current 




54 


75 


mA 


V cc = 13.2V 
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DC ELECTRICAL CHARACTERISTICS (Continued) 

Over recommended operating conditions of T A = to 70°C, V cc = 12.0V ± 10%, V REF = 0.5V Set Hysteresis = 0.3V, 
Read/Write = 0.8V unless otherwise noted. (All pin numbers refer to DIP package.) 



SYMBOL 



PARAMETER 



MIN 



TYP 



MAX 



UNITS 



CONDITIONS 



DIGITAL PINS (Continued) 



V OHCA 


Channel Alignment Pin Vqh 
ML8464B 
ML8464C 


2.4 


7.6 




V 
V 


(Note 3) 
Iqh - -40M 
10kO Load to CND 


V OLCA 


Channel Alignment Pin V |_ 
ML8464B 
ML8464C 




6.9 


0.4 


V 
V 


(Note 3) 

Iql - 800//A 

10kft Load to GND 


V OHTP 


Time Pulse Out Pin V OH 
ML8464B 
ML8464C 


2.4 


9.6 




V 
V 


10kO Load to GND 
10kO Load to GND 


V OLTP 


Time Pulse Out Pin Vql 
ML8464B 
ML8464C 




8.6 


0.4 


V 
V 


10kn Load to GND 
10kfi Load to GND 



AC ELECTRICAL CHARACTERISTICS 

Over recommended operating temperature and supply range of Vcc = 1°- 8 to 13.2V, Ta = to 70°C. 



SYMBOL 


PARAMETER 


MIN 


TYP 


MAX 


UNITS 


CONDITIONS 


ML8464-1 
tp-P 


Pulse Pairing 




±0.5 


±1.0 


ns 




ML8464-1.5 
tp-p 


Pulse Pairing 6 




±0.8 


±1.5 


ns 


f = 2.5MHz 

V (N = 40mV P _p differential 

See note 4 


ML8464-2 
tp-p 


Pulse Pairing 




±1.5 


±3.0 


ns 





Note 1: The AGC threshold Is defined as the voltage across the gate channel input when the voltage on C AGC is 4.2V 

Note 2: The Set Hysteresis threshold is defined as the voltage across the gate channel input when the channel alignment output voltage 

changes state. 
Note 3: To prevent inductive coupling from the digital outputs to amplifier inputs, the TTL outputs should not drive more than one ALS TTL 

load. 
Note 4: The filter and differentiator network are described in the pulse pairing set-up. 
Note 5: All limits are guaranteed by 100% testing or alternate methods. 

Note 6: The 1.5 ns pulse pairing specification is available only on the ML8464C, not the ML8464B. 
Note 7: ML8464B: Pins 12, 14, 15 

ML8464C: Pins 14 and 15 only. 
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PULSE PAIRING SET UP 



PARTS LIST 



R1 220Q 

R4 680Q 

R2, R3 240Q 

R5, R6 3.3kQ 

R7 100kQ 

L1 15//H 

L2, L3 4.7//H 



C1 82pF 

C2, C3, C6 O.OIjt/F 

C4 100pF 

C5 15pF 

C7, C8 0.002^t/F 

C9 47pF 



The connection between pins 12 and 13 is required only for the ML8464B. 



PULSE PAIRING MEASUREMENT 

The scope probe is connected to pin 14 (Encoded Data 
Out) and triggered off of its positive edge. The trigger 
holdoff is adjusted so that the scope first triggers off 
the pulse associated with the positive peak and then off 



the pulse associated with the negative peak. Pulse 
pairing is displayed on the second pair of pulses on the 
display. If the second pair of pulses are separated by 
6ns, then the pulse pairing for the part is +3ns. 
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ML8464C 



TIME PULSE IN 
IS NO CONNECT 




TIME PULSE OUT 
(TEST POINT) 



Voh = 9.6V TYP 
Vol = 8.6V 10K LOAD 



CHANNEL Voh = 16V TYP 

ALIGN (TEST POINT) Vol = 10V 2K LOAD 



ML8464B 




TIME PULSE OUT 

TTL 

Vol = 4V MAX 

Voh = 2.8V MIN 

TIME PULSE INPUT 

TTL 

V| L = .8V MAX 

V| H = 2.4V MIN 



CHANNEL 
ALIGN OUT TTL 
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DIFFERENCES BETWEEN ML8464C AND ML8464B 



THE EXTERNAL DELAY 

The ML8464B open circuits the digital signal at pins 12 
and 13. This allows for the insertion of an external 
delay filter. The ML8464C has no TTL buffers at these 
pins and closes the signal path internally bringing out a 
test point at pin 12. Hence, the ML8464 does not allow 
for the external delay. 

TEST POINTS 

The ML8464B has two TTL test points at pins 12 and 15. 
The ML8464C uses open emitter followers in an ECL 
configuration. Hence, the voltage levels are not similar 
at pins 12 and 15 on both devices. The typical voltage 
level at pins 12 are Vqh = 9.6V, Vql - 8.6V and at pin 
15 are Vqh - 1.6V, V OL - 1.0V. 



AGC GAIN CONTROL FACTOR 

The AGC reference level is a DC voltage externally set 
at Vref (pin 4). Increasing this DC voltage will increase 
the gain of the gain controlled amplifier. 

AGC gain control factor - 

Vqut peak = P ea k of tne AGC amp 



AGC gain control factor 



2.5V PP 

' 0.5V DC 
2.0V P p 

" 0.5V DC 



Vref 
5 for ML8464B 



= 4 for ML8464C 



Thus, at V REF - 0.5Vdg Vqut AGC = 2.5V for ML8464B 
and 2.0V for ML8464C. This smaller signal amplitude 
should be taken into consideration at the hysteresis 
comparator. To set the desired amount of hysteresis, 
and external DC control voltage is used. The particular 
settings for Vref and control voltage at pin 3 that 
optimizes the ML8464B performance may not 
necessarily optimize the ML8464C performance. 



ORDERING INFORMATION 



PART NUMBER 


TEMP. RANGE 


PACKAGE 


PULSE PAIRING 


ML8464C-1CP 


0°C to +70°C 


MOLDED DIP (P24) 


±1 ns 


ML8464C-1CQ 


0°C to +70°C 


MOLDED PCC (Q28) 


±1 ns 


ML8464C-1.5CP 


0°C to +70°C 


MOLDED DIP (P24) 


±1.5 ns 


ML8464C-1.5CQ 


0°C to +70°C 


MOLDED PCC (Q28) 


±1.5 ns 


ML8464C-2CP 


0°C to +70°C 


MOLDED DIP (P24) 


±3 ns 


ML8464C-2CQ 


0°C to +70°C 


MOLDED PCC (Q28) 


±3 ns 


ML8464B-1CP 


0°C to +70°C 


MOLDED DIP (P24) 


±1 ns 


ML8464B-1CQ 


0°C to +70°C 


MOLDED PCC (Q28) 


±1 ns 


ML8464B-2CP 


0°C to +70°C 


MOLDED DIP (P24) 


±3 ns 


ML8464B-2CQ 


0°C to +70°C 


MOLDED PCC (Q28) 


±3 ns 
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Bus Products 



Section 6 



Selection Guide 6-1 

ML6500 Programmable Adaptive Clock Manager (PACMan™) 6-3 

ML6500EVAL Programmable Adaptive Clock Manager (PACMan™) 

Evaluation Kit 6-18 

ML6508EVAL Programmable Adaptive Clock Manager (PACMan™) 

Evaluation Kit 6-18 

ML6508 Programmable Adaptive Clock Manager (PACMan™) 6-1 9 

ML6509 Active SCSI Terminator 6-34 

ML6509EVAL Active SCSI Terminator Evaluation Kit 6-44 

ML651 Series Programmable Adaptive Clock Manager (PACMan™) 6-45 

ML65244 High Speed Dual Quad Buffer/Line Driver 6-62 

ML65245 High Speed Octal Buffer Transceiver 6-68 

ML65541 High Speed Octal Buffer/Line Driver 6-77 

ML6599 Hot-lnsertable Active SCSI Terminator 6-83 
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Bus Products 



Selection Guide 


PACMan™ Adaptive Clock Generators 


Part Number 


No. of Clock 
Outputs 


fcLK 

Range 
(MHz) 


Maximum 
Round Trip 
Delay (ns) 


Maximum 

tsKEWR at the 

Load (ps) 


Clock 
Source 


Package 


Feedback 
Method 


ML6500 


8 


10-80 


10 


500 


Internal or 
External 


44-Pin PLCC 


Parallel (2 trace) 


ML6508 


8 


10-80 


10 


500 


External 


44-Pin PLCC 


Parallel (2 trace) 


ML6510 


8 


1 0-80 or 
10-130 


10 


500 


External 


44-Pin PLCC 


Series (Single trace) 


SCSI Terminators 


Part Number 


No. of Lines 


Disconnect 
Capacitance 

(pF) 


Package 


Features 


ML6509 


9 


<5 


1 6-Pin SOIC 
20-Pin TSSOP 


Low power mode for laptop internal ternimation 
Disconnect controlled by hardware or software 


ML6599 


9 


<5 


16-Pin SOIC 
20-Pin TSSOP 


Low insertion current for hot-pluggable applications 


High Speed Buffers/Trans 


ceivers 










Part Number 


Function 


tpLH/ tpHL 

(ns) 


Ground 
Bounce (mV) 


Package 


Features 


ML65244 


Dual Quad 
Buffer 


<1.5 


<400 


20-Pin SOIC 
20-Pin QSOP 


TTL compatible 
Control inputs 


ML65245 


Octal 
Transceiver 


<1.5 


<400 


20-Pin SOIC 
20-Pin QSOP 


TTL compatible 
Control inputs 


ML65541 


Octal 
Buffer 


<1.5 


<400 


20-Pin SOIC 
20-Pin QSOP 


TTL compatible 
Control inputs 
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September 1 994 
PRELIMINARY 

ML6500 



Programmable Adaptive Clock Manager (PACMan™) 



GENERAL DESCRIPTION 



FEATURES 



The ML6500 (PACMan™) is a Programmable Adaptive 
Clock Manager which offers an ideal solution for 
managing high speed synchronous clock distribution in 
next generation, high speed personal computer and 
workstation system designs. It provides a PLL clock 
generator and eight channels of deskew buffers that 
adaptively compensate for clock skew using a separate 
feedback trace. Additionally, the ML6500 can also be 
programmed to be driven by an external clock, thus 
emulating a SLAVE function, if desired. In the SLAVE 
mode the ML6500 offers 4X, 2X, 1 X and 0.5X clocks, or 
any ratio realizable between M & N within the maximum 
frequency limits. 

The Programmable clock generator in the PACMan™ is 
implemented using a low jitter PLL with on-chip loop 
filter. The PACMan™ deskew buffers adaptively 
compensate for clock skew on PC boards. An internal 
skew sense circuit is used to sense the skew caused by the 
PCB trace and load delays. The sensing is done through a 
feedback loop from the load and the skew is corrected 
adaptively via a unique phase control delay circuit to 
provide low load-to-load skew, at the end of the PCB 
traces. The chip configuration can be programmed to 
generate the desired output frequency using the internal 
ROM or an external serial EEPROM or a standard two-wire 
serial microprocessor interface. The reference clock can 
be generated by the internal oscillator (using an external 
crystal) or it can also be an external clock input. 



MASTER mode for clock generation using an on-chip 
crystal oscillator as a reference 

SLAVE mode for clock generation using a clock input 
as a reference, providing low input to output clock 
phase error 

Programmable clock generator PLL with on-chip loop 
filter and low jitter 

8 independent, automatically deskewed clock outputs 
with up to 5ns of on-board deskew range (1 Ons round 
trip) 

Controlled edge rate TTL-compatible CMOS clock 
outputs capable of driving 40Q PCB traces 

10 to 80MHz Input and output clock frequency range 

Less than 500ps skew between inputs at the device 
loads; less than 300ps with first order matching 

Frequency multiplication or division 

Lock output indicates PLL and deskew buffer lock 

Test mode operation allows PLL and deskew buffer 
bypass for board debug 

Supports industry standard processors like Pentium™ 
Intel80486™ Mips R4000,™ SPARC™ 68040™ 
PowerPC,™ Alpha™ etc. 



SYSTEM BLOCK DIAGRAM 



CLOCK SUBSYSTEM 



XTAI I I 



a " 



C 



CACHE 
CONTROLLER 



CLOCK OUT TO 
COMPONENTS 



IC 
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CACHE 
RAM 



MEMORY BUS 
CONTROLLER 
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MEMORY BUS 
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ML6500 
BLOCK DIAGRAM 
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PIN DESCRIPTION 



ML6500 



PIN NUMBER 



NAME 



DESCRIPTION 



28 


ROMMSB 


20 


MDqut 


19 


MD lN 


21 


MCLK 


22 


RESET 


23 


LOCK 



32 



XTAL 



29 


CLK| N 


16,14,9,7, 
4, 42, 37, 35 


CLK[0-7] 


18,12,11,5, 
2,40,39,33 


FB[0-7] 


3,31 

25 


AVCCH-3] 


4,30,24 


AGND[1-3] 


15 


DVCC01 


8 


DVCC23 


43 


DVCC45 


36 


DVCC67 


17,13,10,6, 
1,41,38,34 


DGND[0-7] 


26 

27 


RCLKL 
RCLKH 



MSB of the internal ROM address. Tie to GND if not used. See section on 
Programming the ML6500. 

Programming pin. See section on Programming the ML6500. 

Programming pin. See section on Programming the ML6500. 

Programming pin. See section on Programming the ML6500. 

Reset all internal circuits. Asserted polarity is low. 

Indicates when the PLL and deskew buffers have locked. Asserted polarity 
is high. 

Crystal connection for MASTER mode is between this pin and GND. Connect 
pin to GND if XTAL oscillator is not used. 

Input reference clock for SLAVE mode. Connect to GND if not used. 

Clock outputs. 

Clock feedback inputs for the deskew buffers. 

Analog circuitry supply pins, separated from noisy digital supply pins to 
provide isolation. All supplies are nominally +5V. 

Analog circuitry ground pins. 

Digital supply pin for CLKO and CLK1 output buffers. Nominally +5V. 

Digital supply pin for CLK2 and CLK3 output buffers. Nominally +5V. 

Digital supply pin for CLK4 and CLK5 output buffers. Nominally +5V. 

Digital supply pin for CLK6 and CLK7 output buffers. Nominally +5V. 

Digital ground pins for CLK [0-7] output buffers. Each clock output buffer has 
its own ground pin to avoid crosstalk and ground bounce problems. 

Differential reference clock outputs used to minimize part-to-part skew 
when building clock trees with other PACMan integrated circuits. 
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ML6500 

ABSOLUTE MAXIMUM RATINGS 

VCC Supply Voltage Range -0.3V to 6V 

Input Voltage Range -0.3V to VCC 

Output Current 

CLK[0-7] 70mA 

All other outputs 10mA 

Junction Temperature 150°C 

Storage Temperature -65°C to 1 50°C 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of DVCC = AVCC = 5V ± 5% and ambient 
temperature between 0°C and 70°C. Loading conditions are specified individually. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


SUPPY 


I DVCC 


Suppy current for each pair 
of clock outputs 


All clock outputs open, fci_KX = 




50 




pA 




C L = 20pF, Z = 50Q, 
fouT = 80MHz 




50 




mA 


IAVCC1 


Static supply current, AVCC1 pin 






100 




mA 


IAVCC2 


Static supply current, AVCC2 pin 






35 




mA 


IAVCC3 


Static supply current, AVCC3 pin 






1 




mA 


LOW FREQUENCY INPUTS AND OUTPUTS (R 










OMMSB, MDout, MD| N , MCLK, RESET, LOCK) 




V| H 


High level input voltage 




DVCC -0.5 






V 


V|L 


Low level input voltage 








DGND + 0.5 


V 


VOH 


High level output 
voltage, MCLK and MDIN 


l OH =-100uA 


DVCC - 0.5 






V 


Vol 


Low level output 
voltage, MCLK and MDIN 


Iol = +200 uA 






GND + 0.5 


V 


Voh 


High level output 
voltage, LOCK output 


Ioh=~100hA 
l O H = -10u7\ 


2.4 
DVCC - 0.5 






V 
V 


Vol 


Low level output 
voltage, LOCK output 


Iol = +1 rnA 






0.4 


V 


l|N 


Static input current 








10 


HA 


,Qn 


Input capacitance 






5 




pF 


HIGH FREQUENCY INPUTS AND OUTPUTS (CLK, N , FB [0-7], CLK [0-7]) 


V| H 


High level input 
voltage 




2.0 






V 


V|L 


Low level input 
voltage 








0.8 


V 


l|H 


High level input current 


V| H = 2.4V, MS = 


-100 






M 


IlL 


Low level input current 


V| L = 0.4V, MS = 






400 


HA 


Voh 


High level output 
voltage 


'oh = -60mA 


2.4 






V 


Vol 


Low level output 
voltage 


Iol = +60mA 






0.4 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


AC CHARACTERISTICS rise time, fall time and duty cycle are measured for a generic load; (see Load Conditions section). 


tR 


Rise time, LOAD [0-7] output 


0.8 -» 2.0V 


150 




1500 


ps 


tF 


Fall time, LOAD [0-7] output 


2.0 -> 0.8V 


150 




1500 


ps 


f|N 


Input frequency, CLKin pin 




10 




80 


MHz 


fouT 


Output frequency , CLK [0-7] 
output 




10 




80 


MHz 


^VCO 


PLL VCO operating frequency 




80 




160 


MHz 


%AL 


Crystal oscillator range 




10 




20 


MHz 


DC 


Output duty cycle 


Measured at device load, at 1 .5V 


40 




60 


% 


tjlTTER 


Output jitter 


Cycle-to-cycle 




75 




ps 




Peak-to-peak 




150 




ps 


tLOCK 


PLL and deskew lock time 


After programming is complete 




11 




ms 


SKEW CHARACTERISTICS All skew measurements are made at the load, at 1 .5V threshold each output load can vary independently 
within the specified range for a generic load (see Load Conditions section). 


tSKEWR 


Output-to-output rising 
edge skew 








500 


ps 


tSKEWF 


Output-to-output 
falling edge skew 


Output clock frequency > 50MHz 






1.5 


ns 


tSKEWIO 


CLKin input to any 
LOAD [0-7] output 
Maximum rising edge skew 


6500 in 1 X slave mode, N = M = 




600 




ps 




6500 in slave mode, N > 2, M > 2 




1.25 




ns 


tRANGE 


Round trip delay CLKX to FBX 
pin; output CLK period = tci_K 


Output frequency < 50MHz 
Output frequency > 50MHz 








10 
tCLK/2 


ns 


tSKEWB 


Output-to-output rising 
edge skew, between matched 
loads 






250 




ps 


PROGRAMMING TIMING CHARACTERISTICS 


tRESET 


RESET assertion pulse 
width 




50 






ns 


tAl 


AUX mode MCLK high time 




2000 






ns 


tA2 


AUX mode MCLK low time 




2000 






ns 


tA3 


AUX mode MDout data 
hold time 




10 






ns 


*A4 


AUX mode MDout data 
setup time 




10 






ns 


tA5 


AUX mode MCLK period 




5000 






ns 


*M1 


MAIN mode MCLK high time 




900 






ns 


*M2 


MAIN mode MCLK low time 




900 






ns 


*M3 


MAIN mode MCLK period 




1800 






ns 


t/Vl4 


MAIN mode 

MCLK to MDout valid 

(EEPROM read time) 








900 


ns 
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ML6500 configured with M/S = (Slave Mode), (tsKEWlO 
does not apply for M/S = 1 ; other skew characteristics 
are the same): 



CLKin 



LOAD [0-7] 
1st Order Match 



U- *SKEWIO 



LOAD [0-7] with 
no 1st order match 



t 



I — it 



*SKEWF 



*SKEWB 
*SKEWR 



\ 
1_ 



a 



\_ 



Note: All skew is measured at the device load input pin, NOT at the ML6500 
clock output pin. Skew is always a positive number, regardless of which 
edge is leading and which is trailing. 



AC/SKEW CHARACTERISTICS LOAD CONDITIONS 



GENERIC 
LOAD 



£82 pes trace impedance 
Zo = 50Q 



"130 



r 



Lumped 



Matched length * ' j c L0 < 20pF 
and impedance _L 



I 



Total round trip delay < tRANCE 



FIRST-ORDER 
MATCHED LOADS 



► 82 PCB trace 

Zo = 50Q 

-€■ 



-OH 



V 



Matched length 
and impedance 



Lumped 
<> ~ ]_C LX <;20pF 



Length Lx 



r i 



► 82 PCB trace 

Zo = 50Q 



IClx-QyI <5pF 

iLx-Lyl <4" 



L_ Matched length 

rand impedance 4 , !; um P e fL c 
^LC LY <20 P F 



Length Ly 



|gj J 
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FUNCTIONAL DESCRIPTION 

Micro Linear's ML6500 is the first clock generator chip to 
use a feedback mechanism to adaptively (on a real time 
basis), eliminate clock skew in high speed personal 
computer and workstation system designs. Figure 1 shows 
a basic configuration of the ML6500 in a system. The 
skew problem results due to the delaying of clock signals 
in the system, as shown in Figure 2. Clock skew results 
from variation in factors like trace length, PCB trace 
characteristics, load capacitance, parasitic capacitance, 
temperature and supply variations, etc. Figure 2 shows a 
representation of the clock skew problem from a timing 
perspective. It shows a worst case example where the 
clock signal is delayed so much that its rising edge 
completely misses the data it is intended to strobe. Using 
a clock deskew mechanism, this problem can be 
eliminated and the strobe with the appropriate setup and 
hold times with respect to the data bus can be generated. 



The ML6500 has eight deskew buffers, each with its own 
independent feedback and error correction circuit. The 
deskew buffer eliminates skew by using feedback from a 
remote chip to measure the clock error and then corrects 
it by generating the appropriate skew to the clock output 
to compensate. By connecting an external crystal for 
reference, the onboard low jitter PLL-based clock 
generator can be used to generate the desired clock 
output frequency. 
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C DATA 
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CHIP 
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k 


























MICRO LINEAR 

ML6500 

CLOCK CHIP 


CLOCK #0 




FEEDBACK i 


to 




CLOCK #1 




FEEDBACK #1 








• 
• 
• 

CLOCK #7 


t7 






FEEDBACK 4 















WRITE 
SIGNAL 



CLOCK AT 
REMOTE CHIP 



DATA AT 
REMOTE CHIP " 



< 



DATA 

— r— 



> 



WRITE 
SIGNAL 





< 






CLOCK AT 
REMOTE CHIP 


i 






ts 


1 




DATA AT 


DA 


tTs 




REMOTE CHIP 


< 


1AJ 





Figure 1 . Basic System Configuration Using the ML6500. 



Figure 2. The Skew Problem. 
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CLOCK GENERATION (MASTER mode) M/S bit = 1 

The ML6500 has an integrated clock generator that can be 
programmed via an external EEPROM, a serial bus, or the 
on-chip ROM. Shown in Figure 3 is a block diagram of 
the ML6500 clock generation mechanism. In the MASTER 
mode (M/S bit set = 1 ), the full resolution of the PLL 
frequency synthesizer is available (M register 6 bits, N 
register 7 bits). The input frequency is defined by the 
crystal oscillator. The phase relationship between input 
clock and output clock is not well-defined in the MASTER 
mode. The VCO frequency is defined by the formula: 



Example: Using a 14.318 MHz crystal for the input 
frequency. 
Desired output frequency = 66 MHz 



01 (output range 40-80 MHz) 
= 82 (1010010) and M = 8 (001000), 



Vco ~ fe ' 



N + 1 
M + 1 



Where Fref is the frequency of the crystal. The VCO 
frequency must remain in the range 80-160 MHz. The 
primary output clock is defined by the formula: 

fouT = fvco/2 R 



R1 


R0 


INPUT/OUTPUT RANGE 








Not valid: Defaults to R = 01 





1 


40-80 MHz 


1 


20-40 MHz 


1 


1 


10-20 MHz 



SetR = 
SetN = 
M/S = 1 

Then, f VC o = 14.318 x (83/9) = 132.044 MHz 
fouT = 1 32.044 MHz/21 = 66.022 MHz 

Eight individually deskewed copies of the clock are 
provided by the PACMan. 

The deskew buffers compensate internally for board-level 
skew caused by the PCB trace length variations and 
device load variations. This is accomplished by sensing 
the round trip delay via the return trace, and then delaying 
or advancing the clock edge so that all 8 output clocks 
arrive at their loads in phase. Each of the eight clock lines 
can have any length PCB trace (up to 5 nee each way or 
1/4th of the output clock period, whichever is smaller) 
and the device loads can vary from line to line. The 
PACMan will automatically compensate for these 
variations, keeping the device load clocks in phase. 
(Although PACMan will compensate for skew caused by 
loading, excessive capacitive loading can cause rise/fall 
time degradation at the ioad.) Cascading the ML6500 in 
slave mode, to the master ML6500 should be done using 
a deskewed output from master to slave. Alternatively, 
a ML6508 can be cascaded using the reference clock 
outputs (RCLKH and RCLKL). 



Note: R implies R1, R0 



FROM 

CRYSTAL 

OSCILLATOR 




> RCLKH 
5 RCLKL 



SYS-CLK 
TO DESKEW BUFFERS 



Figure 3. ML6500 Clock Generation Block Diagram. 
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CLOCK REGENERATION 
(ML6500 Slave mode) M/S bit = 

The ML6500 can also function in a clock regeneration 
mode (SLAVE mode) to assist in building clock trees or to 
expand the number of de-skewed clock lines. When the 
ML6500 functions in the slave mode, it has the ability to 
do clock multiplication or division as well, while 
maintaining low skew between the input clock and the 
device loads. It can generate a 2x or 4x or 0.5x frequency 
multiplication or division from input to output (e.g. 
33 MHz input, 66 MHz output or 66 MHz input, 33 MHz 
output, etc.). It also can generate a 1x frequency output. 
To operate the ML6500 in the slave mode, set the 
M/S bit = 0. Then the VCO frequency is defined by: 

(N + l)x2 R 

(m+i) 

and the output frequency is still: 

fouT = fvco/2R (setting R= 00 defaults to R = 01 ) 

The VCO still must remain in the range 80-160 MHz, 
and the minimum phase detector input frequency is 
625 kHz = (80 MHz/1 28). Thus the product of (N + 1 ) and 
2R should be limited to 128: 

(N + 1 ) x 2R < 1 28 to make sure that the 
phase detector inputs 
remain above the minimum 
frequency. 

Example: Generating a 2x clock input frequency = 33 MHz 

Set R = 01 (output range 40 - 80 MHz), N = 5 (00001 01 ), 
M = 2 (000010), M/S = 



(N + 1)x2 r 
_____ 



= 33MHzx 



6X2 1 



= 132MHz 



fouT = fvco/2 R = 1 32 MHz/21 = 66 MHz 

Example: Generating a 1x clock Input frequency = 66 MHz 

Set R = 01 (output range 40-80 MHz), set M = 
(000000), N = (0000000), M/S = 



f vco = 66MHz x 



1x2 1 



1 



= 132MHz 



four = fvco/2 R = 1 32 MHz/21 = 66 MHz 

For doing frequency multiplication and division in slave 
mode, keep M > 2 and N > 2 for the lowest skew 
between input clock and output clock. 



ADAPTIVE DESKEW BUFFERS 

Each copy of the primary clock is driven by an adaptive 
deskew buffer. The deskew buffer compensates for skew 
time automatically in accordance to the flight time delay 
it senses on the feedback line. 

Figure 4 shows the simplified functional block diagram of 
the deskew circuit. The phase of the sense signal and the 
drive signal is presented to a three-input phase 
comparator and compared with the reference signal. The 
phase comparator then controls the voltage controlled 
delay in the output drive line to match the delay of the 
fixed reference delay line. Therefore, the sum of the delay 
of the driver circuit, PCB trace delay, rise time delay at the 
load and the adjustable delay will always equal the fixed 
maximum delay. 

The sense circuit has an internal level detect such that any 
skew caused by loading is also accounted for. Since the 
delay of the circuit is matched for the entire loop, the 
phase of all the drivers are in close alignment at the inputs 
of the load. 







FIXED 
MAX 
DELAY 






CLOCK IN 


























PHASE 
DETECTOR 




SENSE 








*1 










^ 


' 














I 








VOLTAGE 




DRIVE 






CON 
DE 


IKUL 

LAY 








J 



Figure 4. Deskew Circuit Block Diagram. 



LOAD CONDITIONS 

The ML6500 has been designed to drive the wide range of 
load conditions that are encountered in a high frequency 
system. The eight output clock loads can vary individually 
within a wide range of trace length, impedance and 
lumped capacitive load, but each load should remain 
within the designated range for a generic load, to insure 
the lowest skew and the best signal integrity. The outgoing 
and return trace should be matched in length and 
impedance, and the trace should include a termination at 
the feedback (FB#) pin. All eight output clock traces are 
generally the same impedance with the same termination 
resistor values. The clock skew can be further minimized 
by providing some first order matching between any two 
loads that require particularly well matched clocks. For 
the best matching, use adjacent clock outputs with 
matched loads. 
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GENERIC 
LOAD 



FIRST-ORDER 
MATCHED LOADS 



PCB trace impedance 
Z = 40fl to 65Q 



L 



Lumped 



Matched length 1 c L0 < 20pF 

and impedance _±_ 



Total round trip delay < tRANGE 



PCB trace 
impedance Zqx 



r 



Matched length 
and impedance 



Length Lx 



► R1 PCB trace 

imp edance Z qx 

_ €r 



Lumped 
,h — |j: LX <20pF 

X 



IClx-ClyI <5pF 
iLx-Lyi <4" 
40fl < Zox ^ 55fi 
and Zox = Zoy 



L 
Y 



Matched length 
and impedance 



m& 



k Lumped 

^]_C L Y<20pF 



Length Ly 



Termination resistors should have a Thevenin voltage of 
approximately 3V and a Thevenin resistance equal to the 
impedance of the PCB trace, Zq: 

Ri=j(Z ) then R 2 =§Ri (forV cc =5V) 



TRACE 
IMPEDANCE 



RECOMMENDED 
VALUES 



MAX. AVG. RESISTOR 

POWER DISSIPATION 

W/GENERIC LOAD 



ZO 



R1 



R2 



R1 



R2 



40Q 
50Q 
63Q 



68 100 
82 130 
110 160 



160 mW 100 mW 
150mW 70 mW 
120mW 70 mW 



CRYSTAL OSCILLATOR AND EXTERNAL CLOCKS 

If the crystal oscillator is used, the crystal should be 
placed physically as close as possible to the XTAL and 
AGND2 pins as possible. No other external components 
are required. The XTAL pin can also be driven by an 
external clock signal. There is no well-defined phase 
difference between input and output clocks in MASTER 
mode. If a well-defined phase difference is required, the 
ML6500 should be used in SLAVE mode (M/S = 0), and 
the CLK| N input used for the external clock (up to 80 
MHz). 



RESET AND LOCK 



When RESET is de-asserted, the internal programming 
logic will become active and load in the configuration bits 
(see Programming the ML6500). Once the configuration is 
loaded, the PLL will lock onto the reference signal, and 
then the deskew blocks will adapt to the load conditions. 
When all eight output clocks are stable and deskewed, 
LOCK will be asserted. The asserted polarity of lock is 
high. Thus, LOCK can be used to indi cate th at the system 
is ready, or it can be used to drive the RESET input of 
another PACMan in a clock tree. 



5V r 



->\ *RESET |-*- 



1 



-HJ^ockI 
program^ the 
configuration 



k-t LO cK-*H 



PROGRAM IN THE 
CONFIGURATION 



RESET may be reasserte d at an y time to reset the chip 
operations. Following a RESET assertion of valid pulse 
width (see Programming Electrical Characteristics), the 
ML6500 must again be loaded with a configuration, then 
it will re-lock and reassert lock when all eight clock 
outputs are stable and deskewed. 
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PROGRAMMING THE ML6500 

The configuration of the ML6500 is programmed by 
loading 1 7 bits into the configuration shift register. To load 
these bits, the user has 3 options: MAIN, AUX or ROM 
modes. Which mode is used is dete rmined by the logic 
level on the MDin pin when RESET is deasserted. If MDin 
is tied high, the ML6500 will assume AUX mode; if its tied 
low, ROM mode. If MDin is high-impedance (i.e. tied to 
the input of an EEPROM), it will assume MAIN mode. 

1. MAIN Mode 

In this mode, the ML6500 will read the 1 7 configuration 
bits from an external serial EEPROM, such as the 93C46, 
using the industry standard 3-wire serial I/O protocol. The 
serial EEPROM should be a 1 K organized in 64 x 1 6 bits 
and the PACMan will read the 1 7 configuration bits out of 
the two least significant 1 6-bit words. To use this mode, 
simply connect the EEPROM serial data input pin to MDin 
(ML6500 pin 19), the EEPROM serial data output pin to 
MDqut (ML6500 pin 20), and the EEPROM serial data 
clock pin to MCLK (ML6500 pin 21). After power up, 
when RESET is deasserted, the ML6500 will automatically 
generate the address and clock to read out the 1 9 
configuration bits. Refer MAIN Mode waveform in 
Figure 5. 



IK SERIAL 

EEPROM 

(64 X 16 BIT) 



OPCODES ADDRESS 

< 



ML6500 
ROMMSB 

MCLK 

MDin 

MDouT 

RESET 



2. AUX Mode 

When MDin is tied to VCC, programming the PACMan 
will occur via the AUX Mode. This mode shifts the 1 7 
configuration bits into the shift register directly from the 
MDout P' n - The first 1 7 clock ri sing ed ges provided 
externally on the MCLK pin after RESET is deasserted will 
be used to load the shift register data, which should be 
provided on the MDqut P' n - See figure 6. 



\i PROCESSOR 




ML6500 




-IT- 


ROMMSB 




CLOCK 


MCLK 




VCC 


MDin 




DATA 


MDqut 





AUX Mode Configuration. 





u tA2 * 




wj 


< «A5 w , 




H * 


^ 


^1 






MCLK 

(Input to ML6500) 


I 01 






02 


1 




■ 


KXXXX 






M 


MDOUT \f~ 
(Input to ML6500)/\ 


^ 5 )QC 


V 4 I 



JTL 



MAIN Mode Configuration. 



-►I *A3 |^- -"►) *A4r#- 

Figure 6. AUX Mode Waveforms 



tM3 



foil |02l fo3| |04 fo5| j06| |07| Jo8| j09| fiol 11 ml ml ••• J 25 1 



MCLK 

(Drivenby |0t | |02| |03| |04| |05| |06| |07| |08| |09| 

ML6500) 

i ! i 1 1 i 

OP0 A5 A4 A3 A2 a'i A0 





MDIN 1 — 1 r— 1 
(Drivenby P B P p 1 
ML6500> -« 1 I 1 1 L- 



ML6500) 

MDOUT 
(Driven by 
EEPROM) 



iDBC ---DCEIE 



16 bits data at adddress 



1 bit at address 1 



Figure 5. MAIN Mode Waveforms. 
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3. ROM Mode 

When MD|N is tied to GND, programming the PACMan 
will occur via the ROM Mode. This mode reads the 1 7 
configuration bits directly from an on chip ROM. The 
selection of one of the eight preset configuration codes is 
accomplished by means of the pins ROMMSB, MCLK and 
MDqut as shown in Table 1 . In the table Code 1 is for 1 X 
slave configuration, with output clock in the frequency 
range of 40-80 MHz. Codes 2-7 assume use of a 14.318 
MHz crystal in the master mode to generate some of the 
common clock frequencies. Code is TEST mode for low 
frequency testing (PLL is bypassed); the output clocks will 
follow the CLK| N input. 



ROM 

ADDRESS 

BITS 



MCLK- 



MDoUT 
MDin 



ROM 
8X19 BIT 



ROM Mode Configuration. 



TO SHIFT 

REGISTER 

SERIAL 

DATA IN 



TABLE 1 



CODE 


Selection Bits 
ROMMSB MCLK MDqut 


Input VCO Output 
Freq. (MHz) Freq. (MHz) Freq. (MHz) 


Configuration Code 
M/S R1,R0 M1 N1 TEST 














0-50 


— 


0-50 





— 


— 


— 


1 


1 








1 


40-80 


80-160 


40-80 





01 











2 





1 





14.318 


131.73 


32.93 




10 


4 


45 





3 





1 


1 


14.318 


100.23 


50.11 




01 


1 


13 





4 


1 








14.318 


119.91 


59.96 




01 


7 


66 





5 


1 





1 


14.318 


131.73 


65.86 




01 


4 


45 





6 


1 


1 





14.318 


149.32 


74.66 




01 


6 


72 





7 


1 


1 


1 


14.318 


159.88 


79.94 




01 


5 


66 






1 M and N registers are represented in decimal format. 



REGISTER DEFINITIONS 



BITS 


REGISTER 


SIZE 


FUNCTION 


10-16 


N 


7 bit 


This register is used to define the ratio for the desired frequency of the primary clock. 


8-9 


R 


2 bit 


This register defines the frequency of the primary clocks, CLK [0-7], 


7 


M/S 


1 bit 


Used to select master/slave operation. 


6 


TEST 


1 bit 


If TEST = 1 , PLL will be bypassed to allow low frequency testing. Set TEST = for 
normal operation 


0-5 


M 


6 bit 


This register is used to define the ratio for the desired frequency of the primary clock. 



ML6500 SHIFT REGISTER CHAIN 

NO N1 N2 N3 N4 N5 N6 R0 R1 M/S TEST M0 M1 M2 M3 M4 M5 

sxe? lsb 

or internal ROM) 
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APPLICATIONS 



ZERO SKEW CLOCK GENERATION 

The most advantageous feature of using PACMan is its 
ability to deliver multiple copies of the clock to the load 
with very low skew. Because of its unique ability in 
deskewing, trace length and load consideration are no 
longer critical in board design and true "zero" deskew can 
now be realized. 

Because of the unique deskewing scheme, neither the 
trace length nor the device loads need to be equal. This is 
true for loads, <20pF. Higher loads can be driven if they 
are placed close to the clock chip, to guarantee signal 
integrity. 



BOARD TO BOARD SYNCHRONIZATION 

Distribution of the synchronous clock could present 
significant difficulty at high frequency. With the system 
clock generated by the ML6500, a zero skew clock 
delivery to a backplane is now possible. By using the 
ML6508 slave chip or the ML6500 in slave mode at the 
receiver end, a near zero delay clock link can be 
accomplished between the mother board and the satellite 
boards. 

Because the 6500 has frequency doubling capability, a 
lower frequency signal can be used to route across a back 
plane. 



CLOCK 
DRIVER 

to-t S 1. 

to-ts2' 
to-ts3< 



H- 



K- 



-H 



K- 



t S 3 



t S 



ONE 
DEVICE 
LOAD 



tsi 



t S 



TWO 
DEVICE 
LOAD 



t S 



THREE 
DEVICE 
LOAD 



LOW SKEW CLOCK DISTRIBUTION 

Clock distribution design is usually not a trivial task, 
especially when multiple clock chips are needed. By 
using closely grouped PACMans, 1 6 or more clock lines 
can be created with low part-to-part skew. Additional 
groups of clocks can be clustered and driven from de- 
skewed clock lines, to minimize the number of long- 
distance clock lines. 



ML6500 

OR 
ML6508 



CLKO 
CLK1 
CLK2 



ML6500 

OR 
ML6508 



CLK O 
CLK1 
CLK 2 
CLK 3 



CLK O 
CLK1 
CJLK2 



TO REMOTE CROUP 
OF CLUSTERED LOADS 
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ML6500 






ML6508 

OR 

ML6500 

(SLAVE MODE) 





































EXAMPLE CONFIGURATION 

Shown in Figure 7 is an example configuration using 
the ML6500 (Master) and ML6508 (Slave) in tandem to 
generate eight 66 MHz clocks and eight 33MHz low-skew 
clocks. This requires only a single crystal and the 
termination resistors. Configurations are loaded from the 
internal ROM. PCB traces to 1 5 are each 50Q 
impedance and the load capacitances Clo-Clis are to 
20pF each. Outgoing and return trace length for all loads 
are matched (ie. the load is tapped at the center point of 
the loop), but no matching is required among separate 
clock outputs. All traces are shown with a Thevenin 
termination at the feedback (FB) pin. 



-_f 



tSKEWR (Or tSKEWB) 



LOAD[8-15] 



iD[8-i5] m 

33 MHz fli 

■>-| -<- tSKEWR (or tSKEWB) 



tp P 2 



r 
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SYSTEM RESET LOW - 

vcc 




r 



14.318 MHz □ 



± 



I* 



RESET 

ROMMSB 
MCLK 
MD IN 
MDquT 



XTAL 
CLK, N 



VCC 

TJ 



ROMMSB 

MCLK 

MD, N 

MDquT 



ML6500 

MASTER 

MODE 



RCLKH RCLKL 



CLKiNH CLKinl 



ML6508 

0.5X 
MODE 



ALL_CLOCK_READY 





Figure 7. Example use of the ML6500 (Master Mode) in tandem with the 

ML6500 (Slave Mode) to generate multiple frequency clocks. Master mode ML6500 generates 

seven 66 MHz clocks while the slave mode ML6500 generates eight 33 MHz clocks. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6500CQ 


0°C to +70°C 


44-pin PLCC (Q44) 
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PRELIMINARY 



ML6500/08EVAL 



Programmable Adaptive Clock 
Manager (PACMan™) Evaluation Kit 



GENERAL DESCRIPTION 



EVAL KIT OPERATION 



The ML6500 and ML6508 are programmable adaptive 
clock manager masters and slaves capable of 
automatically adjusting clock skew to within 500ps at 
the load. This evaluation kit is designed to exercise the 
devices with varying PC trace lengths and loading to 
mimic a "real" system. The board can accommodate 
either the ML6500 master or the ML6508 slave for 
evaluation purposes. 

KIT COMPONENTS 

■ ML6500/08EVAL Users Guide 

■ ML6500/08 Data Sheet 

■ Application Note #21 

■ Gerber file on 3.5" disk 

■ Complete assembled and tested ML6500E VAL or 
ML6508EVAL Board 



The EVAL kit is shipped with ML6500 master if the 
ML6500EVAL is ordered or with the ML6508 slave for the 
ML6508EVAL. The jumpers are set so that the parts self- 
program in the "ROM Mode". A 66MHz clock frequency 
from the on-board 14.31 8MHz crystal is setup for initial 
evaluation of the ML6500EVAL. The ML6508EVAL needs 
an external PECL clock connected to CLKinh ar| d CLK|ni_ 
for operation. For power, simply provide +5V for V^c into 
the banana jack marked VCC "+" and Ground connected 
to GND "-". Ceramic surface mount capacitors in the 
values of 5 to 20pF are used to emulate a realistic single 
or multiple IC clock load. There are through hole solder 
pads for either sockets or capacitors to make it easier to 
change values. Different clock frequencies from 10 to 
80MHz can be chosen by changing the jumper pins. 
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The ML6500/08 Evaluation kit. The board can be configured for different clock 
frequencies and used as a master or slave clock manager. 
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PRELIMINARY 

ML6508 



Programmable Adaptive Clock Manager (PACMan™) 



GENERAL DESCRIPTION 

The ML6508 is a Programmable Adaptive Clock Manager 
which offers an ideal solution for managing high speed 
synchronous clock distribution in next generation, high 
speed personal computer and workstation system designs. 
It provides eight channels of deskew buffers that 
adaptively compensate for clock skew using a separate 
feedback trace. The input clock can be either TTL or 
PECL, selected by a bit in the control register. Frequency 
multiplication or division is possible using the M&N 
divider ratio, within the maximum frequency limit of 
80MHz. 0.5X, 1 X, 2X and 4X clocks, or any ratio between 
M and N can be easily realized. 

The ML6508 is implemented using a low jitter PLL with 
on-chip loop filter. The ML6508 deskew buffers adaptively 
compensate for clock skew on PC boards. An internal 
skew sense circuit is used to sense the skew caused by the 
PCB trace and load delays. The sensing is done through a 
feedback loop from the load and the skew is corrected 
adaptively via a unique phase control delay circuit to 
provide low load-to-load skew, at the end of the PCB 
traces. Additionally, the ML6508 supports PECL reference 
clock outputs for use in the generation of clock trees with 
minimal part-to-part skew. The chip configuration can be 
programmed to generate the desired output frequency 
using the internal ROM or an external serial EEPROM or a 
standard two-wire serial microprocessor interface. 



FEATURES 

■ SLAVE mode for clock generation using a clock input 
as a reference providing low input to output clock 
phase error. 

■ Input clocks can be either TTL or PECL with low 
input to output clock phase error 

■ 8 independent, automatically deskewed clock 
outputs with up to 5ns of on-board deskew range 
(1 Ons round trip) 

■ Controlled edge rate TTL-compatible CMOS clock 
outputs capable of driving 40Q PCB traces 

■ 10 to 80MHz Input and output clock frequency range 

■ Less than 500ps skew between inputs at the 

device loads; less than 300ps with first-order matching 

■ Small-swing reference clock outputs for minimizing 
part-to-part skew 

■ Frequency multiplication or division 

■ Lock output indicates PLL and deskew buffer lock 

■ Test mode operation allows PLL and deskew buffer 
bypass for board debug 

■ Supports industry standard processors like Pentium™ 
Intel80486™ Mips R4000,™ SPARCJ M 68040J M 
PowerPC™ AlphaJ M etc. 
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PIN DESCRIPTION 



PIN NUMBER 



NAME 



DESCRIPTION 



32 ROMMSB MSB of the internal ROM address. Tie to GND if not used. See section on 
Programming the ML6508. 

20 MDqut Programming pin. See section on Programming the ML6508. 
1 9 MDin Programming pin. See section on Programming the ML6508. 

21 MCLK Programming pin. See section on Programming the ML6508. 

22 RESET Reset all internal circuits. Asserted polarity is low. 

23 LOCK Indicates when the PLL and deskew buffers have locked. Asserted polarity is 

high. 

28 CLKiimh Input clock pins. For TTL clock reference use CLKinh pin 

29 CLKinl shorted to the CLKinl pin. For PECL clock reference drive pins differentially. 

Input clock type is selected by the CS bit in the shift register. 

1 6, 1 4, 9, 7, CLK[0-7] Clock outputs 
44, 42, 37, 35 

1 8, 1 2, 1 1 , 5, FB[0-7] Clock feedback inputs for the deskew buffers 
2, 40, 39, 33 

3,31 AVCQ1-3] Analog circuitry supply pins, separated from noisy digital supply pins to 

25 provide isolation. All supplies are nominally +5V. 

4, 30, 24 AGND[1-3] Analog circuitry ground pins 

1 5 DVCC01 Digital supply pin for CLKO and CLK1 output buffers. Nominally +5V. 

8 DVCC23 Digital supply pin for CLK2 and CLK3 output buffers. Nominally +5V. 

43 DVCC45 Digital supply pin for CLK4 and CLK5 output buffers. Nominally +5V. 

36 DVCC67 Digital supply pin for CLK6 and CLK7 output buffers. Nominally +5V. 

1 7, 1 3, 1 0, 6, DGNDIO-7] Digital ground pins for CLK [0-7] output buffers. Each clock output buffer has 

1,41, 38, 34 its own ground pin to avoid crosstalk and ground bounce problems. 

26 RCLKL Differential reference clock output used to minimize part-to-part skew 

27 RCLKH when building clock trees with other PACMan integrated circuits. 
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ABSOLUTE MAXIMUM RATINGS 

VCC Supply Voltage Range -0.3V to 6V 

Input Voltage Range -0.3V to VCC 

Output Current 

CLK[0-7] 70mA 

All other outputs 10mA 



Junction Temperature . 
Storage Temperature ... 



150°C 

-65°Cto150°C 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of VCC = 5V ± 5% and ambient 
temperature between 0°C and 70°C. Loading conditions are specified individually. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


SUPPLY 


ID VCC 


Supply Current for each pair 
of clock outputs 


All clock outputs open, fcLKX = 




50 




uA 




C L = 20pF, Z = 50ft 
foUT = 80MHz 




50 




mA 


IAVCC1 


Static supply current, AVCC1 pin 






100 




mA 


IAVCC2 


Static supply current, AVCC2 pin 






35 




mA 


IAVCC3 


Static supply current, AVCC3 pin 






1 




mA 




JENCY INPUTS AND OUTPUTS (R 












LOW FREQl 


OMMSB, MDquT/ MD, N/ MCLK, RES 


ET, LOCK) 




V,H 


High level input voltage 




DVCC-0.5 






V 


V|L 


Low level input voltage 








DGND + 0.5 


V 


V H 


High level output 
voltage, MCLK and MDIN 


I O h = -100uA 


DVCC - 0.5 






V 


Vol 


Low level output 
voltage, MCLK and MDIN 


Iql = +200 uA 






DGND + 0.5 


V 


Voh 


High level output 
voltage, LOCK output 


I O h = -100uA 
l OH =-10uA 


2.4 
DVCC - 0.5 






V 
V 


Vol 


Low level output 
voltage, LOCK output 


Iql = +1 nnA 






0.4 


V 


'in 


Static input current 








10 


uA 


Qn 


Input capacitance 






5 




PF 


HIGH FREQ 


UENCY INPUTS AND OUTPUTS (( 


:LK INH , CLK, nl , FB[0-7], CLKI0-7J) 










V| H 


High level input voltage 


CS = (TTL Input Clock) 


2.0 






V 




CS = 1 (PECL Input Clock) 


AVCC- 1.165 




AVCC - 0.88 


V 


V, L 


Low level input voltage 


CS = (TTL Input Clock) 






0.8 


V 




CS = 1 (PECL Input Clock) 


AVCC- 1.810 




AVCC - 1 .475 


V 


V|CM 


Common mode input voltage 
range for PECL reference clocks 


CS = 1 (PECL Input Clock) 


2.0 




AVCC - 0.4 


V 


l|H 


High level input current 


V, H = 2.4V 






100 


uA 


IlL 


Low level input current 


V| L = 0.4V 


-400 






uA 


Voh 


High level output 
voltage 


| OH = -60mA 


2.4 






V 


Vol 


Low level output 
voltage 


Iql = +60mA 






0.4 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


AC CHARACTERISTICS rise time, fall time and duty cycle are measured for a generic load; (see Load Conditions section). 


tR 


Rise time, LOAD [0-7] output 


0.8 -> 2.0V 


150 




1500 


ps 


t F 


Fall time, LOAD [0-7] output 


2.0 -» 0.8V 


150 




1500 


ps 


f|N 


Input frequency, CLKin pin 




10 




80 


MHz 


fouT 


Output frequency , CLK [0-7] 
output 




10 




80 


MHz 


fvco 


PLL VCO operating frequency 




80 




160 


MHz 


DC 


Output duty cycle 


Measured at device load, at 1 .5V 


40 




60 


% 


tjlTTER 


Output jitter 


Cycle-to cycle 




75 




ps 




Peak-to-peak 




150 




ps 


tLOCK 


PLL and deskew lock time 


After programming is complete 




11 




ms 


SKEW CHARACTERISTICS All skew measurements are made at the load, at 1 .5V threshold each output load can vary independently 
within the specified range for a generic load (see Load Conditions section). 


tSKEWR 


Output to output rising 
edge skew, all clocks 








500 


ps 


tSKEWF 


Output to output 
falling edge skew 


Output clock frequency > 50MHz 






1.5 


ns 


tSKEWIO 


CLKin input to any 
LOAD [0-7] output 
Maximum rising edge skew 


N = M = 




600 




ps 




N>2, M>2 




1.25 




ns 


tRANGE 


Round trip delay CLKX to FBX 
pin; output CLK period = ta.K 


Output frequency < 50MHz 
Output frequency > 50MHz 








10 
tCLK/2 


ns 


tSKEWB 


Output-to-output 

rising edge skew, between 

matched loads 


Providing first (see LOAD 
conditions) order matching 
order matching between outputs 




250 




ps 


PART-TO-PART SKEW CHARACTERISTICS Skew measured at the loads, at 1 .5V threshold. Reference clock output pins drive 

clock input pins of another ML6508. 


tp P1 


Total load-to-load skew between 
multiple chips interfaced with 
reference clock pins. 


Slave chip CS = 1 , CM = 1 and 
N = 0, M = 0; RCLK outputs to 
CLKin inputs distance less than 2" 






TBD 


ps 


t PP2 


Total load-to- load skew between 
multiple chips interfaced with 
reference clock pins. 


Slave chip CS = 1 , CM = 1 and 
N > 2, M > 2; RCLK outputs to 
CLKin inputs distance less than 2" 






TBD 


ps 


PROGRAMMING TIMING CHARACTERISTICS 


tRESET 


RESET assertion pulse 
width 




50 






ns 


tAI 


AUX mode MCLK high time 




2000 






ns 


tA2 


AUX mode MCLK low time 




2000 






ns 


tA3 


AUX mode MDout data 
hold time 




10 






ns 


W 


AUX mode MDqut data 
setup time 




10 






ns 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


PROGRAMMING TIMING CHARACTERISTICS (Continued) 


tA5 


AUX mode MCLK period 




5000 






ns 


*M1 


MAIN mode MCLK high time 




900 






ns 


*M2 


MAIN mode MCLK low time 




900 






ns 


*M3 


MAIN mode MCLK period 




1800 






ns 


*M4 


MAIN mode 

MCLK to MDout valid 

(EEPROM read time) 








900 


ns 



ML6508 configured with bit CM = 0: 

fczzxz 



PECL INPUT CLOCKS 
OR 
TTL INPUT CLOCK 



LOAD [0-7] 
1st Order Match 



- *SKEWIO 



\ 



J \_ 



m ^HH*-t SKEWF - —--Maw* 



£ — V. 

-I"*— *SKEWB 



_t SKEWB 
~*SKEWR 



CLK,NH " 
CLK, NL - 

f VlCM 



LOAD [0-7] with 
no 1st order match 

Note: All skew is measured at the device load input pin, NOT at the ML6508 clock output pin. Skew is always a positive number, regardless of which edge is leading and 
which is trailing. 



AC/SKEW CHARACTERISTICS LOAD CONDITIONS 



GENERIC 
LOAD 



FIRST-ORDER 
MATCHED LOADS 



£ 82 PCB trace impedance 
Z = 50Q 



L 

r 



Matched li 
and impi 



Lumped 



ed length " I c, <20pF 
ipedance —L. 



X 



Total round trip delay < tRANGE 



*■ 82 PCB trace impedance 

* Z = 50ft 

~G!~ 



L 
V 



Matched length 
and impedance 



Lumped 
"~]_C L x^20pF 



Length Lx 



■T ± 



*■ 82 PCB trace impedance 

Z = 50Q 

-a 



r 



Matched length 
and impedance 



IClx-ClyI <5pF 

iLx-Lyl <4" 



(l Lumped 

^J__C LY <20pF 



Length Ly 



cJ x 



ML6500 

OR 
ML6508 



RCLKH RCLKL 



CLK| N H CLKiNL 

ML6508 
SLAVE CHIP 
(CM=1,CS=1) 



LOADI0-7] 



LOAD[9-15] 



LOAD[0-7] 



LOAD[8-15] 



JF 



tSKEWR (or tSKEWB) 



i r 



IL 



- tSKEWR (Or tSKEWB) 



~t r 

-tppt or tp P 2 
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FUNCTIONAL DESCRIPTION 

Micro Linear's ML6508 is the first clock chip to use a 
feedback mechanism to adaptively (on a real time basis), 
eliminate clock skew in high speed personal computer 
and workstation system designs. Figure 1 shows a basic 
configuration of the ML6508 in a system. The skew 
problem results due to the delaying of clock signals in the 
system, as shown in Figure 2. Clock skew results from 
variation in factors like trace length, PCB trace 
characteristics, load capacitance, parasitic capacitance, 
temperature and supply variations, etc. Figure 2 shows a 
representation of the clock skew problem from a timing 
perspective. It shows a worst case example where the 
clock signal is delayed so much that its rising edge 
completely misses the data it is intended to strobe. 
Using a clock deskew mechanism, this problem can be 
eliminated and the strobe with the appropriate setup and 
hold times with respect to the data bus can be generated. 

The ML6508 has eight deskew buffers, each with its own 
independent feedback and error correction circuit. The 
deskew buffer eliminates skew by using feedback from a 
remote chip to measure the clock error and then corrects 
it by generating the appropriate skew to the clock output 
to compensate. 

Eight individually deskewed copies of the clock are 
provided by the ML6508. 
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Figure 1. Basic System Configuration Using the ML6508. 



The deskew buffers compensate internally for board-level 
skew caused by the PCB trace length variations and 
device load variations. This is accomplished by sensing 
the round trip delay via the return trace, and then delaying 
or advancing the clock edge so that all 8 output clocks 
arrive at their loads in phase. Each of the eight clock lines 
can have any length PCB trace (up to 5ns each way or 
1/4th of the output clock period, whichever is smaller) 
and the device loads can vary from line to line. The 
ML6508 will automatically compensate for these 
variations, keeping the device load clocks in phase. 
Although ML6508 will compensate for skew caused by 
loading, excessive capacitive loading can cause rise/fall 
time degradation at the load. Cascading the ML6500 to 
the ML6508 should be done using the PECL reference 
clock outputs, to minimize part-to-part skew. 

CLOCK REGENERATION 

The programmable adaptive clock deskew can function in 
a clock regeneration mode to assist in building clock trees 
or to expand the number of de-skewed clock lines. In this 
mode, it has the ability to do clock multiplication or 
division as well, while maintaining low skew between 
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Figure 2. The Skew Problem. 
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ECL INPUT BUFFER 




Figure 3. ML6508 Clock Generation Block Diagram. 



> RCLKH 

> RCLKL 



SYS.CLK 
TO DESKEW BUFFERS 



input clock and output clocks. It can thus generate a 2x or 
4x or 0.5x frequency multiplication or division from input 
to output (e.g. 33 MHz input, 66 MHz output or 66 MHz 
input, 33 MHz output, etc.). It also can generate a 1x 
frequency output. The VCO frequency is defined by: 



r vco 



= fex 



(N + l)x2R 

(m + i) 



and the output frequency is still given by: 

fouT = fvco/2 R (setting R = 00 defaults to R = 



01) 



R1 


R0 


INPUT/OUTPUT RANGE 








Not valid: Defaults to R = 01 





1 


40-80 MHz 


1 





20-40 MHz 


1 


1 


10-20 MHz 



Note: R implies R1, R0 

The VCO still must remain in the range 80-160 MHz, and 
the minimum phase detector input frequency is 625kHz = 
(80 MHz/1 28). Thus the product of (N + 1 ) and 2* should 
be limited to 128: 



(N + 1)x2R<128 



to make sure that the 
phase detector inputs 
remain above the minimum 
frequency. 



Example: Generating a 2x clock input frequency = 33 MHz 

Set R = 01 (output range 40 - 80 MHz), N = 5 (0000101), 
M = 2 (00001 0),M/S = 



fvco = fREF x 



(N + l)x2R 
(M + 1) 



= 33MHzx 



6x21 



= 1 32MHz 



fouT = fvco/2 R = 1 32 MHz/21 - 66 MHz 

Example: Generating a 1x clock Input frequency = 66 MHz 

Set R = 01 (output range 40-80 MHz), set M = 
(000000), N = (0000000), M/S = 



fvco = 66 MHzx 



1x21 



1 



= 132MHz 



FouT = Fvco/2 R = 1 32 MHz/21 = 66 MHz 

For doing frequency multiplication and division, keep 
M > 2 and N > 2 for the lowest skew between input 
clock and output clock. Several configurations for doing 
frequency multiplication and division are included in the 
8 configurations stored in the on-chip ROM (see 
PROGRAMMING the ML6508). 
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ADAPTIVE DESKEW BUFFERS 

Each copy of the clock is driven by an adaptive deskew 
buffer. The deskew buffer compensates for skew time 
automatically in accordance to the flight time delay it 
senses on the feedback line. 

Figure 4 shows the simplified functional block diagram of 
the deskew circuit. The phase of the sense signal and the 
drive signal is presented to a three-input phase 
comparator and compared with the reference signal. The 
phase comparator then controls the voltage controlled 
delay in the output drive line to match the delay of the 
fixed reference delay line. Therefore, the sum of the delay 
of the driver circuit, PCB trace delay, rise time delay at the 
load and the adjustable delay will always equal the fixed 
maximum delay. 
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Figure 4. Deskew Circuit Block Diagram. 

The sense circuit has an internal level detect such that any 
skew caused by loading is also accounted for. Since the 
delay of the circuit is matched for the entire loop, the 
phase of all the drivers are in close alignment at the inputs 
of the load. 

LOAD CONDITIONS 

The ML6508 has been designed to drive the wide range of 
load conditions that are encountered in a high frequency 
system. The eight output clock loads can vary individually 
within a wide range of trace length, impedance and lumped 
capacitive load, but each load should remain within the 
designated range for a generic load, to insure the lowest 
skew and the best signal integrity. The outgoing and return 
trace should be matched in length and impedance, and the 
trace should include a termination at the feedback (FB#) pin. 
All eight output clock traces are generally the same 
impedance with the same termination resistor values. The 
clock skew can be further minimized by providing some first 
order matching between any two loads that require 
particularly well matched clocks. For best matching use 
adjacent clock outputs with matched loads. 



GENERIC 
LOAD 



FIRST-ORDER 
MATCHED LOADS 



£ R 1 PCB trace impedance 

Zo = 40tt to 65ft 



r 



Lumped 



Matched length * • I c L0 < 20pF 
and impedance JL 



1 



Total round trip delay < tRANGE 



► R1 PCB trace 

impedance Zox 

-oi 



r 



Matched length 
and impedance 



Lumped 
<►— 2C LX <20pF 

X 



Length Lx 

IClx-ClyI <5pF 
iLx-Lyl <4" 
► R1 PCB trace 40ft < Z x ^ 55ft 

impedance Zqx a nd Zox = Zoy 

-til — 



►R2 



L 

rand impedance 4 , ^ um P e 5 .. 
K JLC LY <20 P F 



Matched length 



gj x 



Length Ly 



Termination resistors should have a Thevenin voltage of 
approximately 3V and a Thevenin resistance equal to the 
impedance of the PCB trace, Zo: 

Ri=f(Z ) then R 2 = fRi (forV cc =5V) 



TRACE 
IMPEDANCE 



RECOMMENDED 
VALUES 



MAX. AVG. RESISTOR 

POWER DISSIPATION 

W/GENERIC LOAD 



ZO 



R1 



R2 



R1 



R2 



40a 

50ft 
63ft 



68 100 
82 130 
110 160 



160 mW 100 mW 
150mW 70 mW 
120mW 70 mW 



EXTERNAL INPUT CLOCKS 

The external input clock to the ML6508 can be either a 
differential Pseudo-ECL clock or a single-ended TTL clock. 
This is selected using the CS bit in the serial shift register. 
For the single-ended TTL clock tie the CLKinh and CLKinl 
pins together. The ML6508 ensures that there is a well- 
defined phase difference between the input and output 
clocks. • 
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RESET AND LOCK 



When RESET is de-asserted, the internal programming 
logic will become active and load in the configuration bits 
(see Programming the ML6508). Once the configuration is 
loaded, the PLL will lock onto the reference signal, and 
then the deskew blocks will adapt to the load conditions. 
When all eight output clocks are stable and deskewed, 
LOCK will be asserted. The asserted polarity of lock is 
high. Thus, LOCK can be used to indi cate tha t the system 
is ready, or it can be used to drive the RESET input of 
another PACMan in a clock tree. 






~H tRESET |^- 



1 



l*LOCKI 



PROGRAM IN THE 
CONFIGURATION 



k-*LOCK-*H 



PROGRAM IN THE 
CONFIGURATION 



RESET may be reasserte d at an y time to reset the chip 
operations. Following a RESET assertion of valid pulse 
width (see Programming Electrical Characteristics), the 
ML6508 must again be loaded with a configuration, then 
it will re-lock and reassert lock when all eight clock 
outputs are stable and deskewed. 

PROGRAMMING THE ML6508 

The configuration of the ML6508 is programmed by 
loading 18 bits into the configuration shift register. To load 
these bits, the user has 3 options: MAIN, AUX or ROM 
modes. Which mode is used is dete rmined by the logic 
level on the MDin pin when RESET is deasserted. If MDin 
is tied high, the ML6508 will assume AUX mode; if its tied 
low, ROM mode. If MDin is high-impedance (i.e. tied to 
the input of an EEPROM), it will assume MAIN mode. 

1. MAIN Mode 

In this mode, the ML6508 will read the 18 configuration 
bits from an external serial EEPROM, such as the 93C46, 
using the industry standard 3-wire serial I/O protocol. The 
serial EEPROM should be a 1 K organized in 64 x 1 6 bits and 
the PACMan will read the 1 8 configuration bits out of the 
two least significant 1 6-bit words. To use this mode, simply 
connect the EEPROM serial data input pin to MD, N (ML6508 
pin 1 9), the EEPROM serial data output pin to MDqut 
(ML6508 pin 20), and the EEPROM serial data clock pin to 
MCLK (ML65 08pin 21) and CS pin for the EEPRO M sho uld 
be tied to the RESET signal. After power up, when RESET is 
deasserted, the ML6508 will automatically generate the 
address and clock to read out the 1 8 configuration bits. 
Refer MAIN Mode waveform in Figure 5. 







IK SERIAL 

EEPROM 

(64 X 16 BIT) 

CLK 


CLOCK " 


ML6508 
ROMMSB 

MCLK 

MD, N 

MDoUT 

RESET 


RESET 


cs 

DATA IN 
DATA OUT 


OPCODES 
ADDRESS 








DATA 



















MAIN Mode Configuration. 
2. AUX Mode 

When MD|m is tied to VCC, programming the ML6508 
will occur via the AUX Mode. This mode shifts the 18 
configuration bits into the shift register directly from the 
MDqut P' n - The first 18 clock ri sing ed ges provided 
externally on the MCLK pin after RESET is deasserted will 
be used to load the shift register data, which should be 
provided on the MDout P' n - See figure 6. 



\i PROCESSOR 




ML6508 
ROMMSB 




CLOCK 


MCLK 




VCC 


MDin 




DATA 








MDqut 





AUX Mode Configuration. 

3. ROM Mode 

When MDjn is tied to GND, programming the ML6508 
will occur via the ROM Mode. This mode reads the 18 
configuration bits directly from an on chip ROM. The 
selection of one of the eight preset configuration codes is 
accomplished by means of the pins ROMMSB, MCLK and 
MDqut as shown in Table 1 . The TEST mode 
configuration (code 7) is enabled when the TEST bit is set. 
In this mode the PLL is bypassed for low frequency testing. 
Codes 0-2 are used when the ML6508 clock inputs are 
driven from another PACMan's reference clock outputs. 
Code 3 is used when zero phase error is desired between 
input and load clocks. 



ROM 

ADDRESS 

BITS 




ROM Mode Configuration. 
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tM3 



MDlN | 1 r— i 

(Driven by SB P p 1 
ML650m -I 1 I 1 1 L. 



OPO A5 A4 A3 A2 A1 AO 




MDOUT 
(Driven by 
EEPROM) 



£ 



]RBC --DHBC 



16 bits data at adddress 



2 bits at address 1 



Figure 5. MAIN Mode Waveforms. 
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Figure 6. AUX Mode Waveforms. 



TABLE 1 




DESCRIPTION 


SELECTION BITS 


INPUT 
FREQ 
(MHz) 


OUTPUT 
FREQ 
(MHz) 


CONFIGURATION CODE 


CODE 


ROMMSB 


MCLK 


MDqut 


CS 


CM 


R1.R0 


M 


N 


TEST 





PECL Input Clock, 1x mode 











40-80 


40-80 


1 


1 


01 











1 


PECL Input Clock, 0.5x mode 








1 


40-80 


20-40 


1 


1 


10 


5 


2 





2 


PECL Input Clock, 2x mode 





1 





20-40 


40-80 


1 


1 


01 


2 


5 





3 


PECL Input Clock, 1x mode 





1 


1 


40-80 


40-80 


1 





01 











4 


TTL Input Clock, 1x mode 


1 








40-80 


40-80 








01 











5 


TTL Input Clock, 0.5x mode 


1 





1 


40-80 


20-40 








10 


5 


2 





6 


TTL Input Clock, 2x mode 


1 


1 





20-40 


40-80 








01 


2 


5 





7 


TEST mode, TTL Input clock 


1 


1 


1 


0-50 


0-50 





— 


— 


— 


_ 


1 
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REGISTER DEFINITIONS 


BITS 


REGISTER 


SIZE 


FUNCTION 


11-17 


N 


7 bit 


This register is used to define the ratio for the desired frequency of the primary clock. 


9-10 


R 


2 bit 


This register defines the frequency of the primary clocks, CLK [0-7]. 


8 


CM 


1 bit 


Set CM = 1 when the PECL input reference clock is from another 6500/08 reference 
clock output. Set CM = if the clock reference is TTL or PECL from an external source 
and minimum phase error between input and output is desired. 


7 


CS 


1 bit 


CS = selects TTL input clock, CS = 1 , selects PECL input clock. 


6 


TEST 


1 bit 


When set to 1, the PLL is bypassed for low frequency testing. 


0-5 


M 


6 bit 


This register is used to define the ratio for the desired frequency of the primary clock. 



ML6508 SHIFT REGISTER CHAIN 



SERIAL DATA IN - 
(from EEPROM, 
or ^Processor, 
or internal ROM) 



NO N1 N2 N3 N4 N5 N6 R0 R1 CM CS TEST M0 Ml M2 M3 M4 M5 

-[>OOaHD^>DCKHDHIH3Cr^^ 

LSB MSB LSB MSB LSB MSB 
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APPLICATIONS 



ZERO SKEW CLOCK GENERATION 

The most advantageous feature of using PACMan is its 
ability to deliver multiple copies of the clock to the load 
with very low skew. Because of its unique ability in 
deskewing, trace length and load consideration are no 
longer critical in board design. 

Because of the unique deskewing scheme, neither the 
trace length nor the device loads need to be equal. This is 
true for loads, <20pF. Higher loads can be driven if they 
are placed close to the clock chip, to guarantee signal 
integrity. 



BOARD TO BOARD SYNCHRONIZATION 

Distribution of the synchronous clock could present 
significant difficulty at high frequency. With the system 
clock generated by the ML6508, a zero skew clock 
delivery to a backplane is now possible. By using the 
ML6508 slave chip or the ML6500 in slave mode at the 
receiver end, a near zero delay clock link can be 
accomplished between the mother board and the satellite 
boards. 

Because the PACMan has frequency doubling capability, a 
lower frequency signal can be used to route across a back 
plane. 




LOW SKEW CLOCK DISTRIBUTION 

Clock distribution design is usually not a trivial task, 
especially when multiple clock chips are needed. By 
using closely grouped PACMans, 1 6 or more clock lines 
can be created with low part-to-part skew. Additional 
groups of clocks can be clustered and driven from de- 
skewed clock lines, to minimize the number of long- 
distance clock lines. 









CLKO 
CLK1 
CLK2 






MLtrtUU 

OR 
ML6508 


ML6500 

OR 
ML6508 


CLK1 


• ( 
CLKO 
CLK1 
CLK2 


CLK2 








CLK3 




TO REMOTE G 
3F CLUSTERED 


ROUP 
LOADS 


ML6508 







1 








1 




















ML6500 






ML6508 

OR 

ML6500 

(SLAVE MODE) 





































EXAMPLE CONFIGURATION 

Shown in Figure 7 is an example configuration using 
the ML6500 (Master) and ML6508 (Slave) in tandem to 
generate eight 66 MHz clocks and eight 33MHz low-skew 
clocks. This requires only a single crystal and the 
termination resistors. Configurations are loaded from the 
internal ROM. PCB traces to 1 5 are each 50Q. 
impedance and the load capacitances C|_o-Cl15 are to 
20pF each. Outgoing and return trace length for all loads 
are matched (ie. the load is tapped at the center point of 
the loop), but no matching is required among separate 
clock outputs. All traces are shown with a Thevenin 
termination at the feedback (FB) pin. 



LOAD[0-7] 



1 



tsKEWR (or tSKEWB) 



\_J—\ 



LOADI8-15] 
33 MHz 



1 III 



\ 



i 



tp P 2 



¥ 



■ tSKEWR (or tSKEWB) 
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SYSTEM RESET LOW - 
V C C 




r 



14.318 MHz □ 



_r 



I- 



RESET 

ROMMSB 
MCLK 
MD, N 
MD OUT 



XTAL 
CLKin 



VCC 



ROMMSB 

MCLK 

MD, N 

MD OUT 



ML6500 
MASTER 
MODE 



RCLKH RCLKL 



CLKinh CLKinl 



ML6508 

0.5X 
MODE 



ALL_CLOCK_READY 





Figure 7. Example use of the ML6500 (Master) in tandem with the 

ML6508 (Slave) to generate multiple frequency clocks. Master mode ML6500 generates 

eight 66 MHz clocks while the slave ML6508 generates eight 33 MHz clocks. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6508CQ 


0°C to +70°C 


44-pin PLCC (Q44) 
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Active SCSI Terminator 



GENERAL DESCRIPTION 



FEATURES 



The ML6509 BiCMOS SCSI terminator provides active 
termination in a SCSI system with single-ended drivers 
and receivers, in full compliance with the SCSI-1, SCSI-2 
and SCSI-3 recommendations. It provides a 2.85V 
reference through an internal 1 V dropout linear regulator. 
Active SCSI termination helps the system designer to 
effectively control analog transmission line effects like 
ringing, noise, crosstalk, ground bounce, etc. In addition it 
provides greater immunity to voltage drops on the 
TERMPWR line of the SCSI bus. The desired V-l 
characteristics for signal negation requires that the 
terminator source 0-24mA while maintaining 2.85V and 
for signal assertion preferably follow a linear slope of 
1 1 0Q. The ML6509 attempts to provide a V-l 
characteristic optimized to minimize the transmission line 
effects during both signal assertion and negation, using a 
MOSFET based architecture. The desired V-l characteristic 
is achieved by trimming one resistor in the control block. 
It provides negative clamping for signal assertion 
transients and current sink capability, to handle active 
negation driver overshoots above 2.85V, which is 
currently accomplished with external components in SCSI 
subsystems today. It provides a disconnect mode, where 
the terminator is completely disconnected from the SCSI 
bus and the output capacitance is < 5pF, typically. 



Fully monolithic IC solution providing active 
termination for 9 lines of the SCSI bus 

Low dropout voltage (1 V) linear regulator, trimmed for 
accurate termination current, with 300mA current 
source capability 

Output capacitance typically <5pF 

Disconnect mode — Logic pin to disconnect terminator 
from the SCSI bus, <100liA 

Lowpower mode — For power conscious, portable 
system & peripheral applications, using less than 6" 
cables. (Equivalent to a 1 mA current drive with a 
2.5kQ termination) 

Current sinking — can sink current >1 0mA per line to 
handle active negation driver overshoots above 2.85V 

Negative clamping on all lines to handle signal 
assertion transients 

Regulator can source 200mA and sink 50mA while 
maintaining regulation 

Current limit & thermal shutdown protection 

Small and low profile package options; 1 6-pin SOIC 
(300 mil), 20-pin TSSOP (1 mil height) 



BLOCK DIAGRAM 



Vref 



DISCNKT LPWR 



LINEAR 
REGULATOR 
1V DROPOUT 



216mA 

(MAX) 



MOSFETs WITH ImAX = 24mA 
NORMAL MODE 



^ 



in — n^ 



y ▼ 

2.85V 



If 



iRtrim! 




I 

I 

Vref control j 

BLOCK I 

I 



MOSFETs WITH ImAX = 1mA 
LOW POWER MODE 



in" 



m- 



NCLAMP = Negative Clamp 



9 TERMINATION LINES 



Circuit design patent pending. 
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GENERAL DESCRIPTION (Continued) 

One unique feature of the ML6509 is its support for a Low 
Power mode, for use in Notebook and portable computer 
applications, where it provides a 1mA (approximately 
2.5KQ termination) for less than 6" cable lengths. This 
minimizes the battery drain significantly in such systems. 



Current limiting and thermal shutdown protection are also 
provided. The ML6509 provides 9 lines of termination in 
the industry's smallest package — 20-pin TSSOP. The nine 
line configuration is optimal for wide SCSI's 1 8, 27, or 45 
line termination needs. 



PIN CONFIGURATION 

16-Pin SOIC 



TERMPWR I I 


1 


16 


~n ls 


NCfT" 


2 


15 


~~n lb 


NCDZ 


3 


14 


HHL7 


gnpI T~ 


4 
5 


13 
12 


~n vref 


DISCNKTl I 


I l L6 


lpwrI T~ 


6 


11 


E5l5 


lice: 




10 


T~l L4 


L2rT~ 


8 


9 


"T1i3 



20-Pin TSSOP 



TERMPWR T I 

hs rr 

NC(Z 
GNP f~l~ 

nc rr 



DISCNKT 

LPWR l T~ 

hs rr 

L1 

L2 rr 



~n L9 

zo L8 

~n hs 

nz]L7 

~T~I Vref 

~T1 L6 

~n ls 
~n L4 

ZO hs 

~n L3 



PIN DESCRIPTION 

NAME DESCRIPTION 



TERMPWR Termination Power. Should be connected 
to the SCSI TERMPWR line. A 1 0uT 
tantalum local bypass capacitor is 
recommended per system, as shown in 
the application diagram 

L1 Signal Termination 1 . SCSI Bus line 1 

L2 Signal Termination 2. SCSI Bus line 2 

L3 Signal Termination 3. SCSI Bus line 3 

L4 Signal Termination 4. SCSI Bus line 4 

L5 Signal Termination 5. SCSI Bus line 5 

L6 Signal Termination 6. SCSI Bus line 6 

17 Signal Termination 7. SCSI Bus line 7 

L8 Signal Termination 8. SCSI Bus line 8 

L9 Signal Termination 9. SCSI Bus line 9 



NOTE : The DISCNKT and LPWR lines have 200kfl internal pullup resistors 
connected to the supply. These pins should be left floating for normal 
operation and should be connected to ground to enable the function. 



NAME 



DESCRIPTION 



Vref 2.85Vref Output. External decoupling 

with a 10u,F tantalum in parallel with a 
0.1 uf ceramic capacitor is 
recommended, as shown in the 
application diagram. 

DISCNKT Disconnect Terminator. Logic input to 
disconnect the terminator from the bus 
when the SCSI device no longer needs 
termination due to not being the last 
device on the bus or otherwise. Active 
low input. 

LPWR Low Power Mode. Logic input to switch 
the terminator mode to a ~2.5kQ 
termination, with a 1 mA drive capability, 
meant for power conscious battery 
applications which use SCSI devices 
supporting cable lengths less than six 
inches. Active low input. 

GND Ground. Signal Ground (0V) 
HS Heat Sink Ground. Should be connected 

to GND. 
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ABSOLUTE MAXIMUM RATINGS 

Signal Line Voltage -0.3 to TERMPWR +0.3V 

Regulator Output Current -1 00 to 300mA 

TERMPWR Voltage -0.3 to +7V 

Storage Temperature -65°C to 150°C 

Soldering Temperature 260°C for 10 sec 

Thermal Impedance (0ja) 

SOIC 95°C/W 

TSSOP 110°C/W 



OPERATING CONDITIONS 



TERMPWR Voltage 

Operating Temperature . 



.4V to 5.25V 
. 0°C to 70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise stated, these specifications apply for 4V < TERMPWR < 5.25V, and T A = 0°C to 7Q°C 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



INPUT 



OUTPUT 



REGULATOR 



SUPPLY 












TERMPWR Supply Current 


L1-L9 = open, DISCNKT = open 




3.5 


5 


mA 




L1-L9 = 0.2 V, DISCNKT = open 




225 




mA 




DISCNKT = (active) 




70 


100 


JLlA 



Input Low Voltage 


LPWR, DISCNKT 






1.0 


V 


Input High Voltage 


LPWR, DISCNKT 


TERMPWR 
-1.0 






V 



Output High Voltage 


Measuring each signal line while 
other eight are high 


2.8 


2.85 


2.9 


V 


Maximum Output Current 
(Normal Mode) 


Vqut = 0.2V, Measuring each signal 
line while the other eight are high 






24 


mA 


Maximum Output Current 
(Lowpower Mode) 


Vqut = 0.2V, LPWR = 0, and 
measuring each signal line while the 
other eight are high 


0.8 


1 


1.2 


mA 


Output Clamp Level 


Iout = -30mA (Note 1 ) 


-0.15 





0.15 


V 


Current Sink Capability 


Vqut = 3.2V (per line) 


7 


12 




mA 


Output Capacitance 
(ML Method) 


L1 thru L9, DISCNKT = 

2Vp. P 100kHz square wave applied 

biased at 1VD.C. (Note 2) 




4 


5 


pF 


Output Capacitance 
(X3T9.2/855D method) 


L1 thru L9, DISCNKT = 

0.4Vp.p, 1MHz square wave applied 

biased at 0.5V D.C. (Note 1) 




6 


7 


pF 



Output Voltage 


Sourcing 0-200mA 


2.8 


2.85 


2.9 


V 




Sinking 0-50mA (Note 1) 


2.8 


2.85 


2.95 


V 


Dropout Voltage 


L1-L9 = 0.2V, Vqut = 2.85V 




1.0 


1.2 


V 


Short Circuit Current 


Regulator output = 0V 




100 




mA 




Regulator output = 5V 




300 




mA 


Thermal Shutdown 






170 




°C 



Note 1 : Parameter guaranteed by characterization only. 

Note 2: Only one pin is checked in the production test environment. Otherwise parameter is guaranteed by characterization and correlation. 
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FUNCTIONAL DESCRIPTION 

The SCSI Terminator helps in decreasing the transmission 
line effects with precise termination. Termination is 
conventionally provided at the beginning and end of the 
SCSI bus, however when additional peripherals are added, 
the termination needs to be disabled from the current 
device and enabled on the last device on the bus. Existing 
termination schemes use a SIP (Single-ln-Line package) 
which is plugged into a socket on the PC board of the 
SCSI peripheral. To remove the termination, the user 
needs to pull the resistor SIP out of its socket. With the 
higher levels of system integration, this is no longer a 
simple task. With the increasing use of higher data rates 
and cable lengths in SCSI subsystems, the need for active 
termination is becoming necessary. Active termination 
also minimizes power dissipation and can be activated or 
deactivated under software control, thus eliminating the 
need for end user intervention. The V-l characteristics of 
popular SCSI termination schemes are shown in Figure 3. 
Theoretically the desired V-l characteristics are the Boulay 
type for signal assertion (high to low) and the Ideal type 
for signal negation. The ML6509 with its MOSFET based 
nonlinear termination element attempts to provide the 
most optimum V-l characteristics — optimized for both 
signal assertion and negation. 

The ML6509 provides active termination for nine signal 
lines, thus accommodating basic SCSI which requires 18 
lines to be terminated and wide SCSI which requires 27, 
36 or 45 lines to be terminated. The ML6509 integrates an 
accurate voltage reference (1 V dropout voltage) and nine 
MOSFET based termination lines. A single internal resistor 
is trimmed to tune the V-l characteristic of the MOSFETs as 
shown in figure 1 . The voltage reference circuit produces 
a precise 2.85V level and is capable of sourcing at least 
24mA into each of the nine terminating lines when low 
(active). When the signal line is negated (driver turns off), 
the terminator pulls the signal line to 2.85V (quiescent 
state). When all signal lines are inactive, the regulator will 
source about 300mA. 



The ML 6509 SCSI T erminat or provides two control 
signals, DISCNKT & LPWR which are active low signals 
and have an internal 200kQ pull-up resistor. The 
DISCNKT input when asserted low, isolates the ML6509 
from the signal lines and effectively removes the 
terminator from the SCSI Bus wi th a di sconnect mode 
current of less than 100uA. The LPWR input, when 
asserted low, puts the ML6509 in the low power 
termination mode by providing only a 1 mA drive 
capability with an effective termination impedance of 
2.5k£2. This is intended for power conscious portable 
system and peripheral applications where the cable 
lengths are small, thus resulting is fast signal transitions 
and practically no transmission line effects, while 
consuming very minimum power (9mA worst case if all 
lines were active). At the same time, if this portable system 
were connected with an external SCSI peripheral, over a 
long cable, the normal terminator mode could be enabled 
to ensure compliance with the SCSI standard and maintain 
data integrity. In addition the ML6509 provides for 
negative clamping of signal transients and also supports 
current sink capability in excess of 1 0mA per signal line, 
to handle active negation driver overshoot above 2.85V, a 
common occurrence with SCSI transceivers. These 
functions need to be handled with external components in 
SCSI subsystems today. Thus the ML6509 helps in 
eliminating a number of external components. 

Disconnect mode capacitance is a very critical parameter 
in SCSI systems. The ML6509 provides the lowest 
capacitance contribution of max 5pF and this is 
guaranteed by production test. 

Figure 2 gives an application diagram showing a typical 
SCSI bus configuration. To ensure proper operation, the 
TERMPWR pin must be connected to the SCSI 
TERMPWR line. Each ML6509 requires parallel 0.1 |iF and 
10fxF capacitors connected between Vref ar, d GND pins 
and the TERMPWR line needs a 10uf bypass capacitor 
per SCSI system. 



NORMAL TERMINATION MODE 
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Figure 1 . Trimmed V-l Characteristic of the ML6509 
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Thus in an 8-bit wide SCSI bus arrangement ("A" Cable), 
two ML6509's would be needed at each end of the SCSI 
cable in order to terminate the 18 active signal lines. 
1 6-bit wide SCSI would use three ML6509's, while 32-bit 
wide SCSI bus would require five ML6509 / s. 

In a typical SCSI subsystem, the open collector driver in 
the SCSI transceiver, when asserted, pulls low and when 
negated, the termination resistance serves as the pull-up. 
Also shown in figure 2, is a typical cable response to a 
pulse. The receiving end of the cable will exhibit a single 
time delay. When negated, the initial step will reach an 
intermediate level defined as V$tep- With the higher SCSI 
data rates, sampling could occur during this step portion. 
In order to get the most noise margin, the step needs to be 
as high as possible to prevent false triggering. For this 
reason the regulator voltage and the resistor defining the 
MOSFETs characteristic is trimmed to ensure that the \q is 
as close as possible to the SCSI max current specification. 
Vstep ' s defined as follows : 

VsTEP = V L+(foxZo) 

where 

Vql ' s the Driver output low voltage, 
\q is current from receiving terminator 
Zq is characteristic impedance of cable. 




TERMINATOR (SOURCE) 
DRIVER (SINK) 



24mA 
48mA 



Figure 3. V-1 Characteristics of Various 
SCSI Termination Schemes 



TERMPWR LINE 




LINE LINE 

ASSERTED NEGATED 



Figure 2. Application Diagram Showing Typical SCSI Bus Configuration with the ML6509 
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This is a very important characteristic that the terminator 
helps overcome by increasing the noise margin and 
boosting the step as high as possible. This capability for 
the ML6509 implementation is illustrated in the attached 
simulation graphs which show the terminator performance 
under different cable impedance situations and a 
comparison is shown with the standard Boulay terminator, 
under identical conditions. 

APPLICATION INFORMATION 

ML6509 EVALUATION BOARD 

Shown below is the schematic, board component layout, 
and parts list of the ML6509 SCSI Terminator evaluation 
board. This evaluation board provides termination for 18 
lines of SCSI signals and can be connected as the last 
device on a standard SCSI Bus system. The SCSI Bus 
signals can then be monitored to see the impact of the 
ML6509 Active SCSI Terminator in minimizing the 
transmission line effects. In addition the disconnect mode 
and lowpower mode can also be evaluated with respect to 
power dissipation and output capacitance. 



ML6509 EVAL BOARD PARTS LIST 



PART* 


DESCRIPTION 


IC1JC2 


ML6509 Active SCSI Terminator 


C1 


1 OliF, 6V Tantalum Chip Capacitor 
( Philips 49MC106C006K0ASFT) 


C2, C3 


IOliF, 4V Tantalum Chip Capacitor 
( Philips 49MC106C004KOASFT) 


C4, C5 


0.1 uJF Ceramic Chip Capacitor 
( Philips C104K1206XFNT) 


SW1 


Two Position DIP Switch ( C&K BD02 ) 


J1 


50-pin SCSI Header Connector 
(AMP 1-1 0331 1-0) 



TRANSIENT RESPONSE (ACTUAL) 

(Approximately 11 0Q, 1 feet long, ribbon cable stock) 

















































2.0V 








































































I 


0.8V 












[ 1 








L . 










. 
































L 






















V 



V1(2) = 796.9mV 



V2(2) = 2.0V 



AV(2) = 1.203V 
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ML6509 

TYPICAL APPLICATION CIRCUIT 
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SIGNAL ASSERTION/NEGATION WAVEFORMS (SIMULATED) 

Conditions Low Cable impedance of 1 1 0Q (worst case) 
t D = 10ns 

10 segment distributed L-C, SCSI Bus Model 
Driver end of cable not terminated 





ML6509 SCSI TERMINATOR 




DRIVER 
END 

2V 

0.8V 




it 4 fotokkKjJM^A* 




r 










I 






r ^ J 




TERMINATOR 
END 

2V 

0.8V 






yt*s/*f**+«-*++-* 


| 










fyJN***" 


J 


100ns 200ns 300ns 



DRIVER 
END 



TERMINATOR 
END 



TIME (SECONDS) 

BOULAY TERMINATOR 



mJ^M^^^ 



B(*Vl^^ 




TIME (SECONDS) 
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ML6509 

SIGNAL ASSERTION/NEGATION WAVEFORMS(SIMULATED) 

Conditions Low Cable impedance of 55£2 (worst case) 
t D = 10ns 

10 segment distributed L-C, SCSI Bus Model 
Driver end of cable not terminated 



DRIVER 
END 



TERMINATOR 
END 



DRIVER 
END 




TERMINATOR 
END 

2V 



iviLbSU!* SCM IfcKMINATOR 



£ 



hv- 



*t„ 



^ 



*4f\m+** r> ■■ .... I 



100ns 



TIME (SECONDS) 

BOULAY TERMINATOR 



^ 



r 



TIME (SECONDS) 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6509CS 
ML6509CT 


0°C to +70°C 
0°C to +70°C 


16-pin SOIC(S16W) 
20-pin TSSOP (T20) 
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ML6509EVAL 



Active SCSI Terminator Evaluation Kit 



GENERAL DESCRIPTION 

The ML6509 BiCMOS SCSI terminator provides active 
termination in a SCSI system with single-ended drivers 
and receivers, in full complianrp with thp SCSI- 1 , SCSI-2 
and SCSI-3 recommendations. It provides a 2.85V 
reference through an internal IV dropout linear regulator. 
Active SCSI termination helps the system designer to 
effectively control analog transmission line effects like 
ringing, noise, crosstalk, ground bounce, etc. In addition it 
provides greater immunity to voltage drops on the 
TERMPWR line of the SCSI bus. The desired V-l 
characteristics for signal negation requires that the 
terminator source 0-24mA while maintaining 2.85V and 
for signal assertion preferably follow a linear slope of 
1 1 0Q. The ML6509 attempts to provide a V-l 
characteristic optimized to minimize the transmission line 
effects during both signal assertion and negation, using a 
MOSFET based architecture. The desired V-l characteristic 
is achieved by trimming one resistor in the control block. 
It provides negative clamping for signal assertion 
transients and current sink capability, to handle active 
negation driver overshoots above 2.85V, which is 
currently accomplished with external components in SCSI 
subsystems today. It provides a disconnect mode, where 
the terminator is completely disconnected from the SCSI 
bus and the output capacitance is < 5pF, typically. 



FEATURES 

■ Fully monolithic IC solution providing active 
termination for 9 lines of the SCSI bus 

■ Low dropout voltage (1 V) linear regulator, trimmed for 
accurate termination current, with 300mA current 
source capability 

■ Output capacitance < 5pF, typically 

■ Disconnect mode — Logic pin to disconnect terminator 
from the SCSI bus, <1 OOjliA 

■ Lowpower mode — For power conscious, portable 
system ,& peripheral applications, using less than 6" 
cables. (Equivalent to a 1mA current drive with a 
2.5KQ termination) 

■ Current sinking — can sink current up to 1 0mA per line 
to handle active negation driver overshoots above 
2.85V up to 3.2V 

■ Negative clamping on all lines to handle signal 
assertion transients 

■ Regulator can source 200mA and sink 50mA while 
maintaining regulation 

■ Current limit & thermal shutdown protection 

■ Small and low profile package options; 1 6-pin SOIC 
(300 mil), 20-pin TSSOP (1 mil height) 

■ 50 Pin connector for direct connection to SCSI bus 
ribbon cable 

■ Dip switches to control the low power and 
disconnect mode 



SCHEMATIC 
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September 1 994 
PRELIMINARY 

ML6510 



Series Programmable Adaptive 
Clock Manager (PACMan™) 



GENERAL DESCRIPTION 

The ML651 (Super PACMan™) is a Programmable 
Adaptive Clock Manager which offers an ideal solution for 
managing high speed synchronous clock distribution in 
next generation, high speed personal computer and 
workstation system designs. It provides eight channels of 
deskew buffers that adaptively compensate for clock skew 
using only a single trace. The input clock can be either 
TTL or PECL, selected by a bit in the control register. 
Frequency multiplication or division is possible using the 
M&N divider ratio, within the maximum frequency limit. 
0.5X, 1 X, 2X and 4X clocks can be easily realized. 

The ML6510 is implemented using a low jitter PLL with 
on-chip loop filter. The ML6510 deskew buffers adaptively 
compensate for clock skew on PC boards. An internal 
skew sense circuit is used to sense the skew caused by the 
PCB trace and load delays. The sensing is done by 
detecting a reflection from the load and the skew is 
corrected adaptively via a unique phase control delay 
circuit to provide low load-to-load skew, at the end of the 
PCB traces. Additionally, the ML6510 supports PECL 
reference clock outputs for use in the generation of clock 
trees with minimal part-to-part skew. The chip configuration 
can be programmed to generate the desired output 
frequency using the internal ROM or an external serial 
EEPROM or a standard two-wire serial microprocessor 
interface. 



FEATURES 

■ Input clocks can be either TTL or PECL with low 
input to output clock phase error 

■ 8 independent, automatically deskewed clock 
outputs with up to 5ns of on-board deskew range 
(10ns round trip) 

■ Controlled edge rate TTL-compatible CMOS clock 
outputs capable of driving 40& PCB traces 

■ 10 to 80MHz (6510-80) or 10 to 130MHz (6510-130) 
input and output clock frequency range 

■ Less than 500ps skew between inputs at the 
device loads 

■ Small-swing reference clock outputs for minimizing 
part-to-part skew 

■ Frequency multiplication or division is possible using 
the M&N divider ratio 

■ Lock output indicates PLL and deskew buffer lock 

■ Test mode operation allows PLL and deskew buffer 
bypass for board debug 

■ Supports industry standard processors like Pentium™ 
Intel80486™ Mips R4000,™ SPARCJ M 68040™ 
PowerPC?* 1 Alpha™ etc. 
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ML6510 
BLOCK DIAGRAM 



CLK,NL CLKinh 
Q P 



RCLKH RCLKL 




-O FBO 

(from remote chip) 



■W V.I.IVU 

(to remote chip) 



PIN CONNECTION 



9 Q 

z ~ 2 

2 2 o 

Q S < 



CLK3 C 7 
DVCC23 C 8 

CLK2 £ 9 

DGND2 £ 10 

FB2 C 11 

FBI [ 12 

DGND1 E 13 

CLK1 [ 14 
DVCC01 Z 15 

CLKO C 16 
DGNDO C 17 



n n n n 



n n n 



1 44 43 42 41 40 



ML6510 

44-LEAD PLCC (Q44) 

TOP VIEW 



39 D 

38 D 
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36 1 

35 
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uuuuuuuuu 
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PIN DESCRIPTION 



PIN NUMBER 



NAME 



DESCRIPTION 



32 ROMMSB MSB of the internal ROM address. Tie to GND if not used. See section on 
Programming the ML651 0. 

20 MDqut Programming pin. See section on Programming the ML6510. 
1 9 MD|n Programming pin. See section on Programming the ML651 0. 

21 MCLK Programming pin. See section on Programming the ML651 0. 

22 RESET Reset all internal circuits. Asserted polarity is low. 

23 LOCK Indicates when the PLL and deskew buffers have locked. Asserted polarity is 

high. 

28 CLKinh l n P ut clock pins. For TTL clock reference use CLKinh P' n 

29 CLKinl shorted to the CLKinl pin. For PECL clock reference drive pins differentially. 

Input clock type is selected by the CS bit in the shift register. 

16,14,9,7, CLK[0-7] Clock outputs 
44, 42, 37, 35 

1 8,1 2,11,5, FB[0-7] Clock feedback inputs for the deskew buffers 
2, 40, 39, 33 

3,31 AVCQ1-3] Analog circuitry supply pins, separated from noisy digital supply pins to 

25 provide isolation. All supplies are nominally +5V. 

4, 30, 24 AGND[1-3] Analog circuitry ground pins 

1 5 DVCC01 Digital supply pin for CLK0 and CLK1 output buffers. Nominally +5V. 

8 DVCC23 Digital supply pin for CLK2 and CLK3 output buffers. Nominally +5V. 

43 DVCC45 Digital supply pin for CLK4 and CLK5 output buffers. Nominally +5V. 

36 DVCC67 Digital supply pin for CLK6 and CLK7 output buffers. Nominally +5V. 

1 7, 1 3, 1 0, 6, DGND[0-7] Digital ground pins for CLK [0-7] output buffers. Each clock output buffer has 

1,41, 38, 34 its own ground pin to avoid crosstalk and ground bounce problems. 

26 RCLKL Differential reference clock output used to minimize 

27 RCLKH part-to-part skew when building clock trees with other PACMan 

integrated circuits. 
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ABSOLUTE MAXIMUM RATINGS 

VCC Supply Voltage Range -0.3V to 6V 

Input Voltage Range -0.3V to VCC 

Output Current 

CLK[0-7] 70mA 

All other outputs 10mA 



Junction Temperature , 
Storage Temperature .., 



150°C 

-65°C to 1 50°C 



ELECTRICAL CHARACTERISTICS 

The following specifications apply over the recommended operating conditions of DVCC = AVCC = 
temperature between 0°C and 70°C. Loading conditions are specified individually. 



5V ± 5% and ambient 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNIT 



SUPPLY 



DVCCXX 


Supply Current for each pair 
of clock outputs 


fcLKX = 




50 




MA 




c L = 20pF, z = son 

f OU T = 80MHz 




40 




mA 


IAVCC1 


Static supply current, AVCC1 pin 






100 




mA 


IAVCC2 


Static supply current, AVCC2 pin 






35 




mA 


IAVCC3 


Static supply current, AVCC3 pin 






1 




mA 



LOW FREQUENCY INPUTS AND OUTPUTS (ROMMSB, MD ut, MD, N , MCLK, RESET, LOCK) 








V| H 


High level input voltage 




DVCC -0.5 






V 


V, L 


Low level input voltage 








DGND + 0.5 


V 


V H 


High level output voltage, 
MCLK and MDIN 


I O h=-100uA 


DVCC - 0.5 






V 


Vol 


Low level output voltage, 
MCLK and MDIN 


Iql = +200 [lA 






DGND + 0.5 


V 


Voh 


High level output voltage, 
LOCK output 


Ioh = -100uA 
l OH = -10uA 


2.4 
DVCC - 0.5 






V 
V 


Vol 


Low level output voltage, 
LOCK output 


Iql = +1 mA 






0.4 


V 


'in 


Static input current 








10 


LlA 


C|N 


Input capacitance 






5 




pF 



HIGH FREQUENCY INPUTS AND OUTPUTS (CLK, NH , CLK, NL , FB[0-7], CLK[0-7]) 



V| H 


High level input voltage 


CS = (TTL Input Clock) 


2.0 






V 




CS = 1 (PECL Input Clock) 


AVCC- 1.165 




AVCC - 0.88 


V 


V,L 


Low level input voltage 


CS = (TTL Input Clock) 






0.8 


V 




CS = 1 (PECL Input Clock) 


AVCC- 1.810 




AVCC - 1 .475 


V 


V|CM 


Common mode input voltage 
range for PECL reference clocks 


CS = 1 (PECL Input Clock) 


2.0 




AVCC - 0.4 


V 


llH 


High level input current 


V IH = 2.4V 






100 


uA 


IlL 


Low level input current 


V, L = 0.4V 


-400 






UA 


Voh 


High level output voltage 


•oh = -60mA 


2.4 






V 


Vol 


Low level output voltage 


Iql = +60mA 






0.4 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNIT 


AC CHARACTERISTICS rise time, fall time and duty cycle are measured for a generic load; (see Load Conditions section). 


t R 


Rise time, LOAD [0-7] output 


0.8 -> 2.0V 


150 




1500 


ps 


t F 


Fall time, LOAD [0-7] output 


2.0 -> 0.8V 


150 




1500 


ps 


f|N 


Input frequency, CLKin pin 




10 




80 


MHz 


foUT 


Output frequency , CLK [0-7] 
output 


ML6510-80 


10 




80 


MHz 




ML6510-130 


10 




130 


MHz 


fvco 


PLL VCO operating frequency 




80 




160 


MHz 


DC 


Output duty cycle 


Measured at device load, at 1 .5V 


40 




60 


% 


tjlTTER 


Output jitter 


Cycle-to-cycle 




75 




ps 




Peak-to-peak 




150 




ps 


tLOCK 


PLL and deskew lock time 


After programming is complete 




11 




ms 


SKEW CHARACTERISTICS All skew measurements are made at the load, at 1 .5V threshold each output load can vary independently 
within the specified range for a generic load (see Load Conditions section). 


tSKEWR 


Output to output rising 
edge skew, all clocks 








500 


ps 


*SKEWF 


Output to output 
falling edge skew 


Output clock frequency > 50MHz 






1.5 


ns 


tSKEWIO 


CLKin input to any 
LOAD [0-7] output 
rising edge skew 


N = M = 
N > 2, M > 2 




600 

1.25 




ps 
ns 


tRANGE 


Round trip delay CLKX to FBX 
pin; output CLK period = tQ_K 


Output frequency < 50MHz 
Output frequency > 50MHz 








10 
tcLK/2 


ns 


tSKEWB 


Output-to-output rising 
edge skew, between matched 
loads 


Providing first (see LOAD 
conditions) order matching 
order matching between outputs 




250 




ps 


PART-TO-PART SKEW CHARACTERISTICS Skew measured at the loads, at 1 .5V threshold. Reference clock output pins drive clock 

input pins of another ML6510. 


tppi 


Total load-to- load skew between 
multiple chips interfaced with 
reference clock pins. 


Slave chip CS = 1 , CM = 1 and 
N = 0, M = 0; RCLK outputs to 
CLKin inputs distance less than 2" 






TBD 


ps 


tp P2 


Total load-to-load skew between 
multiple chips interfaced with 
reference clock pins. 


Slave chip CS = 1 , CM = 1 and 
N > 2, M > 2; RCLK outputs to 
CLKin inputs distance less than 2" 






TBD 


ps 


PROGRAMMING TIMING CHARACTERISTICS 


tRESET 


RESET assertion pulse 
width 




50 






ns 


tA1 


AUX mode MCLK high time 




2000 






ns 


tA2 


AUX mode MCLK low time 




2000 






ns 


tA3 


AUX mode MDqut data 
hold time 




10 






ns 


tA4 


AUX mode MDout data 
setup time 




10 






ns 


tA5 


AUX mode MCLK period 




5000 






ns 
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ML6510 

ELECTRICAL CHARACTERISTICS (Continued) 



SYMBOL 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNIT 



PROGRAMMING TIMING CHARACTERISTICS (continued) 



*M1 


MAIN mode MCLK high time 




900 






ns 


*M2 


MAIN mode MCLK low time 




900 






ns 


*M3 


MAIN mode MCLK period 




1800 






ns 


*M4 


MAIN mode 

MCLK to MDqut valid 

(ttKKOM read time) 








900 


ns 



ML6510 configured with bit CM = 0: 



PECL INPUT C LOCKS 

OR 

TTL INPUT CLOCK 



LOAD [0-7] 
1st Order Match 



I 



**— *SKEWIO 



\ 



1 



7 L 



CZ3- 



LOAD [0-7] with 
no 1st order match 



v — T 



*SKEWF 



_t SKEWB 
_t SKEWR 



r i_ 



CLKiNH ■ 
CLKiNL - 



Note: All skew is measured at the device load input pin, NOT at the ML651 clock output pin. Skew is always a positive number, regardless of which edge is leading and 
which is trailing. 
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AC/SKEW CHARACTERISTICS LOAD CONDITIONS 



ML6510-80 
GENERIC 
LOAD F 



R1 Z( 

avUgb 



ML6510-80 

FIRST-ORDER 

MATCHED LOADS 



FBY 
CLKY 



PCB trace impedance 

R1 I *> = 50fl LOAD , A 

^ jC L ^ jOpF 



One way trip delay < tRANGE/2 ~r 



CLKX -WSriG 



PCB trace impedance 
^0 = 50" LOAD Lumped 



Length L x 



X 



IClx-QyI <5pF 
iLx-Lyl <4" 
ZOX = ZOY 

PCB trace impedance 

Z = 50Q LOAD Lumped 

_ 1 C LY < 20pF 

Length Ly 



One way trip delay < tRANGE/2 



ML6510-130 
GENERIC 
LOAD Fl 



CLKX -AAV»Q 



FBX 
CLKX 



ML6510-130 

FIRST-ORDER 

MATCHED LOADS 



FBY 
CLKY 



R2 



PCB trace impedance 

Zo = 50ft LOAD 



wk , Lumped 

^~lC L ^20pF 



|R3 S 

— One way trip delay < tRANGE/2 



PCB trace impedance 

fr- 50 ^ LO AD Lumped 

M ^ , C LX * 20pF 




i 



IClx-ClyI <5pF 
ILx-Lyl <4" 
ZOX = ZoY 

PCB trace impedance 

Z = 50Q LOAD Lumped 

° I C L Y<20pF 

R3 UnS * lY " -Jl 

One way trip delay < tRANGE/2 



RCLKH RCLKL 



CLKiNH CLK, N L 

ML6510 
SLAVE CHIP 
(CM=1, CS=1) 



» LOADIO-7] 



DISTANCE <2" 



LOAD[0-7] 



I — I F 



LOADI8-15] 



LOAD[8-15] 



**- tSKEWR (Or tSKEWB) 



- tSKEWR (or tSKEWB) 



J' 1 



-tppl or t pp 2 
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ML6510 

FUNCTIONAL DESCRIPTION 



Micro Linear's ML6510 is the first clock chip to use a 
feedback mechanism to adaptively (on a real time basis), 
eliminate clock skew in high speed personal computer 
and workstation system designs. Figure 1 shows a basic 
configuration of the ML6510 in a system. The skew 
problem results due to the delaying of clock signals in the 
system, as shown in Figure 2. Clock skew results from 
variation in factors like trace length, PCB trace 
characteristics, load capacitance, parasitic capacitance, 
temperature and supply variations, etc. Figure 2 shows a 
representation of the clock skew problem from a timing 
perspective. It shows a worst case example where the 
clock signal is delayed so much that its rising edge 
completely misses the data it is intended to strobe. 
Using a clock deskew mechanism, this problem can be 
eliminated and the strobe with the appropriate setup and 
hold times with respect to the data bus can be generated. 

The ML6510 has eight deskew buffers, each with its own 
independent the reflection and error correction circuit. 
The deskew buffer eliminates skew by using the reflection 
from a remote chip to measure the clock error and then 
corrects it by generating the appropriate skew to the clock 
output to compensate. 

Eight individually deskewed copies of the clock are 
provided by the ML6510. 



CLOCK 
GENERATOR 



c 







REMOTE 
CHIP 



MICRO LINEAR 

ML6510 

CLOCK CHIP 



FEEDBACK #0 



FEEDBACK #7 

* 



The deskew buffers compensate internally for board-level 
skew caused by the PCB trace length variations and 
device load variations. This is accomplished by sensing 
the round trip delay via a reflected signal, and then 
delaying or advancing the clock edge so that all 8 output 
clocks arrive at their loads in phase. Each of the eight 
clock lines can have any length PCB trace (up to 5ns each 
way or 1/4th of the output clock period, whichever is 
smaller) and the device loads can vary from line to line. 
The ML6510 will antnmatiraljy compensate fcr'thcsc 
variations, keeping the device load clocks in phase. 
Although ML6510 will compensate for skew caused by 
loading, excessive capacitive loading can cause rise/fall 
time degradation at the load. Cascading one ML6510 to 
another ML6510 should be done using the PECL reference 
clock outputs, to minimize part-to-part skew. 

CLOCK REGENERATION 

The programmable adaptive clock deskew can function in 
a clock regeneration mode to assist in building clock trees 
or to expand the number of deskewed clock lines. In this 
mode, it has the ability to do clock multiplication or 
division as well, while maintaining low skew between 
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CLOCK AT 1 
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^DATA^ 




REMOTE CHIP 
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DATA AT 
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<f 
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Figure 2. The Skew Problem. 



Figure 1. Basic System Configuration Using the ML6510. 
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ECL INPUT BUFFER 



CLKinh 
CLKinl 



IN 




+(M + 1) 
[+1 TO 64] 



H 



PHASE 
DETECTOR 



LOOP 
FILTER 



VCO 
80-160 MHz 



+(N + 1) 
[+1 TO +128] 



Figure 3. ML6510 Clock Generation Block Diagram. 



H 



MAXIMUM 
DELAY 



<h 



>RCLKH 
>RCLKL 




SYS_CLK 
TO DESKEW BUFFERS 



input clock and output clocks. It can thus generate a 2x or 
4x or 0.5x frequency multiplication or division from input 
to output (e.g. 33 MHz input, 66 MHz output or 66 MHz 
input, 33 MHz output, etc.). It also can generate a 1x 
frequency output, the VCO frequency is defined by: 



VCO ~ 'REF 



(N + l)x2 R 
(M + 1) 



and the output frequency is still given by: 
fouT = fvco/2 R 



R1 


R0 


INPUT/OUTPUT RANGE 








80-1 30 MHz 





1 


40-80 MHz 


1 





20-40 MHz 


1 


1 10-20 MHz 



Note: R implies R1, R0; for -80 version, Not valid- Defaults to R = 01 

The VCO still must remain in the range 80-160 MHz, and 
the minimum phase detector input frequency is 625kHz = 
(80 MHz/1 28). Thus the product of (N + 1 ) and 2* should 
be limited to 128: 



(N + 1)x2R<128 



to make sure that the 
phase detector inputs 
remain above the minimum 
frequency. 



Example: Generating a 2x clock input frequency = 33 MHz 

N = 5 (0000101), 



Set R = 01 (output range 40 - 80 MHz! 
M = 2 (00001 0), M/S = 



VCO - 'REF ? 



(N + l)x2 R 
(M + 1) 



= 33MHz x 



6x2 1 



= 132MHz 



foUT = fvco/2R = 1 32 MHz/21 = 66 MHz 

Example: Generating a 1x clock Input frequency = 66 MHz 

Set R = 01 (output range 40-80 MHz), set M = 
(000000), N = (0000000), M/S = 



f vco = 66MHz x 



1x2" 



1 



= 132MHz 



foUT = fvco/2R = 1 32 MHz/21 - 66 MHz 

For doing frequency multiplication and division, keep 
M > 2 and N > 2 for the lowest skew between input 
clock and output clock. Several configurations for doing 
frequency multiplication and division are included in the 
8 configurations stored in the on-chip ROM (see 
PROGRAMMING the ML6510). 
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ADAPTIVE DESKEW BUFFERS 

Each copy of the clock is driven by an adaptive deskew 
buffer. The deskew buffer compensates for skew time 
automatically in accordance to the flight time delay it 
senses from the reflection on the transmission line. 

Figure 4 shows the simplified functional block diagram of 
the deskew circuit. The phase of the sense signal and the 
driver signal is presented to a three-input phase 
comparator and compared with the reference signal. The 
phase comparator then controls the voltage controlled 
delay in the output drive line to match the delav of the 
tixed reference delay line. Therefore, the sum of the delay 
of the driver circuit, PCB trace delay, rise time delay at the 
load and the adjustable delay will always equal the fixed 
maximum delay. 

The sense circuit has an internal level detect such that any 
skew caused by loading is also accounted for. Since the 
delay of the circuit is matched for the entire loop, the 
phase of all the drivers are in close alignment at the inputs 
of the load. 



FIXED 
MAX 
DELAY 



PHASE 
DETECTOR 



VOLTAGE 

CONTROLLED 

DELAY 



LOAD CONDITIONS 

The ML6510 has been designed to drive the wide range of 
load conditions that are encountered in a high frequency 
system. The eight output clock loads can each vary within a 
range of trace length and lumped capacitive load, and the 
ML6510 will maintain the low skew characteristics specified 
in Electrical Characteristics. The clock skew can be further 
minimized by providing some first-order matching 
between any two loads that require particularly well- 
matched clocks. 



requires a single external termination resistor for each 
output. The ML6510-130 produces a 3V swing at the load 
and requires two external termination resistors for each 
output. The FB input pin is connected to the other side of 
the termination resistor R1 or R2, with a short connection. 
Termination resistor valves should be chosen as follows: 

R1 = Z n 



TRACE 
IMPEDANCE 


RESISTOR 
VALUES 


ZO 


R1 


R2 


R3 


40Q 
50Q 
63Q 


40 
50 
63 


60 
75 
95 


120 
150 
189 



Figure 4. Deskew Circuit Block Diagram. 
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ML65 10-80 
GENERIC 
LOAD F 



PCB trace impedance 




FBX 
CLKX 



ML6510-80 

FIRST-ORDER 

MATCHED LOADS 



FBY 
CLKY 



Lumped 
C L < 20pF 



One way trip delay < tRANGE/2 -± 




PCB trace impedance 
R1 | Z = 40Qto65Q LOAD Lumped 



Length L x 



™ J ^]_C L x<20pF 

1 



IClx-ClyI <5pF 
I Lx - L Y I < 4" 

Zox = Zoy 

PCB trace impedance 

Z„ = 40Qto65O LOAD Lumped 

m ^ | C LY < 20pF 
Length Ly 



One way trip delay < tRANGE/2 



ML6510-130 
GENERIC 
LOAD Fl 



PCB trace impedance 
R2 I Zo = 40£2to65Q LOAD 




FBX 
CLKX 



ML6510-130 

FIRST-ORDER 

MATCHED LOADS 



FBY 
CLKY 



- One way trip delay < tRANCE/2 



£' 



PCB trace impedance 

Zo = 40 flto65fl LOAD Lumped 

"P~~lC LX <20pF 

Length L X i 



£■ 



IClx-ClyI <5pF 
I L X - L Y I <4" 

Zox = Zoy 

PCB trace impedance 
_Zo = 40Qto65Q LOAD Lumpe( j 

"^ 1 C LY ^ 20pF 

R3 Len S th L Y *" -p 

One way trip delay < tRANCE/2 



EXTERNAL INPUT CLOCKS 

The external input clock to the ML651 can be either a 
differential Pseudo-ECL clock or a single-ended TTL clock. 
This is selected using the CS bit in the serial shift register. 
For the single-ended TTL clock tie the CLKinh ar| d CLKinl 
pins together. The ML651 ensures that there is a well- 
defined phase difference between the input and output 
clocks. 



CHIP 
VCC 



7 



RESET AND LOCK 



When RESET is de-asserted, the internal programming 
logic will become active, loading in the configuration bits 
(see Programming the ML6510). Once the configuration is 
loaded, the PLL will lock onto the reference signal, and 
then the deskew blocks will adapt to the load conditions. 
When all eight output clocks are stable and deskewed, 
LOCK will be asserted. The asserted polarity of lock is 
high. Thus, LOCK can be used to indi cate th at the system 
is ready, or it can be used to drive the RESET input of 
another PACMan in a clock tree. 



~H *RESET |^- 



I 



-HJtLockl 

PROGRAM IN THE 
CONFIGURATION 



U-*LOCK->J 



PROGRAM IN THE 
CONFIGURATION 



RESET may be reasserte d at an y time to reset the chip 
operations. Following a RESET assertion of valid pulse 
width (see Programming Electrical Characteristics), the 
ML6510 must again be loaded with a configuration, then 
it will re-lock and reassert lock when all eight clock 
outputs are stable and deskewed. 
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PROGRAMMING THE ML6510 

The configuration of the ML6510 is programmed by 
loading 18 (ML6510-80) or 19 (ML6510-130) bits into the 
configuration shift register. To load these bits, the user has 
3 options: MAIN, AUX or ROM modes. Which mode is 
used i s deter mined by the logic level on the MDjn pin 
when RESET is deasserted. If MDjn is tied high, the 
ML6510 will assume AUX mode; if its tied low, ROM 
mode. If MD|n is high-impedance (i.e. tied to the input of 
an EEPROM), it will assume MAIN mode. 



I. main Mode 

In this mode, the ML6510 will read the configuration bits 
from an external serial EEPROM, such as the 93C46, using 
the industry standard 3-wire serial I/O protocol. The serial 
EEPROM should be a 1 K organized in 64 x 1 6 bits and the 
PACMan will read the configuration bits out of the two least 
significant 1 6-bit words. To use this mode, simply connect 
the EEPROM serial data input pin to MD !N (ML6510 pin 19), 
the EEPROM serial data output pin to MDqut (ML6510 pin 
20), and the EEPROM serial data clock pin to MCLK 
(ML6 510pin 21) and CS pin for the EEPR OM sho uld be tied 
to the RESET signal. After power up, when RESET is 
deasserted, the ML6510 will automatically generate the 
address and clock to read out the configuration bits. Refer 
MAIN Mode waveform in Figure 5. 





1K SERIAL 

EEPROM 

(64 X 16 BIT) 

CLK 


CLOCK " 


ML6510 
ROMMSB 

MCLK 

MDjn 

MDoUT 

RESET 


RESET 


CS 

DATA IN 

DATA OUT 


OPCODES 
ADDRESS 








DATA 



















MAIN Mode Configuration. 



tMI 



tM2^ 



2. AUX Mode 

When MDin is tied to VCC, programming the ML6510 
will occur via the AUX Mode. This mode shifts the 
configuration bits into the shift register directly from the 
MDqut P'n. The first 18 (ML65 10-80) or 19 (ML6510- 
1 30) clo ck risin g edges provided externally on the MCLK 
pin after RESET is deasserted will be used to load the shift 
register data, which should be provided on the MDout 
pin. See figure 6. 



H PROCESSOR 




ML6510 
ROMMSB 




CLOCK " 


MCLK 




vcc 


MDin 




DATA 


MDoUT 





AUX Mode Configuration. 



3. ROM Mode 

When MDin is tied to GND, programming the ML6510 
will occur via the ROM Mode. This mode reads the 
configuration bits directly from an on chip ROM. The 
selection of one of the eight preset configuration codes is 
accomplished by means of the pins ROMMSB, MCLK and 
MDqut as shown in Tables 1 and 2. The TEST mode 
configuration (code 7) is enabled when the TEST bit is set. 
In this mode the PLL is bypassed for low frequency testing. 
Codes 0-2 are used when the ML6510 clock inputs are 
driven from another PACMan's reference clock outputs. 
Code 3 is used when zero phase error is desired between 
input and load clocks. 



ROM 

ADDRESS 

BITS 



ROMMSB - 
MCLK 



MDoUT 

MDin 



ROM 
8X19 BIT 



TO SHIFT REGISTER 
SERIAL DATA IN 



ROM Mode Configuration. 



ML6510) 

MDOUT 
(Driven by 
EEPROM) 



OP0 A5 A4 A3 A2 A1 A0 




£ 



|tM4~ 



(Drivenby 01 02 03 |04 1 05 1 [ 06 [ 07 [osi J09| 10 111 12 13 | * " 25 26 27 i ! (28) 

(DrilTy R R °"> 
ML6 51(» J 1 Lh 1 £L 



D14jTd13jT ••• )[p0j( D15]( D14 Y(D13) 



1 6 bits data at adddress 2 bits at address 1 

Figure 5. MAIN Mode Waveforms. o bits for ml65io-iso) 
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TAB 


LE 1 : ML6510-80 ROM CODES 




DESCRIPTION 


SELECTION BITS 


INPUT 
FREQ 
(MHz) 


OUTPUT 
FREQ 
(MHz) 


CONFIGURATION CODE 


CODE 


ROMMSB 


MCLK 


MDout 


CS 


CM 


R1.R0 


M 


N 


TEST 





PECL Input Clock, 1x mode 











40-80 


40-80 


1 


1 


01 











1 


PECL Input Clock, 0.5x mode 








1 


40-80 


20-40 


1 


1 


10 


5 


2 





2 


PECL Input Clock, 2x mode 





1 





20-40 


40-80 


1 


1 


01 


2 


5 





3 


PECL Input Clock, 1x mode 





1 


1 


40-80 


40-80 


1 





01 











4 


TTL Input Clock, 1x mode 


1 








40-80 


40-80 








01 











5 


TTL Input Clock, 0.5x mode 


1 





1 


40-80 


20-40 








10 


5 


2 





6 


TTL Input Clock, 2x mode 


1 


1 





20-40 


40-80 








01 


2 


5 





7 


TEST mode, TTL Input clock 


1 


1 


1 


0-50 


0-50 





— 


— 


— 


_ 


1 


TABLE 2: ML6510-130 ROM CODES 




DESCRIPTION 


SELECTION BITS 


INPUT 
FREQ 
(MHz) 


OUTPUT 
FREQ 
(MHz) 


CONFIGURATION CODE 


CODE 


ROMMSB 


MCLK 


MDqut 


CS 


CM 


R1,R0 


M 


N 


DDSK 


TEST 





PECL Input Clock, 1x mode 











80-130 


80-130 


1 


1 


00 














1 


PECL Input Clock, 0.5x mode 








1 


80-160 


40-80 


1 


1 


01 


5 


2 








2 


PECL Input Clock, 2x mode 





1 





40-65 


80-130 


1 


1 


00 


2 


5 








3 


PECL Input Clock, 1x mode 





1 


1 


80-130 


80-130 


1 





00 














4 


TTL Input Clock, 1x mode 


1 








80-130 


80-130 








00 














5 


TTL Input Clock, 0.5x mode 


1 





1 


80-130 


40-65 








01 


5 


2 








6 


TTL Input Clock, 2x mode 


1 


1 





40-65 


80-130 








00 


2 


5 








7 


TEST mode, TTL Input clock 


1 


1 


1 


0-50 


0-50 















1 



, *A2 | *A1 | *A5 | 

u — *+« — -+\+ H 



MCLK 

(Input to ML6510) | 01 



_nn_ 



(Input to ML6510) A M5 



BK-E 



I 'A3 J*- -*\ «A4-« 



Figure 6. AUX Mode Waveform. 
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REGISTER DEFINITIONS 


REGISTER 


SIZE 


FUNCTION 


N 


7 bit 


This register is used to define the ratio for the desired frequency of the primary clock. 


R 


2 bit 


This register defines the frequency of the primary clocks, CLK [0-7]. 


CM 


1 bit 


Set CM = 1 when the PECL input reference clock is from another 6510 reference clock output. Set 
CM = if the clock reference is TTL or PECL from an external source and minimum phase error 
between input and output is desired. 


cs 


1 bit 


CS = selects TTL input clock, CS = 1 selects PECL input clock. 


TEST 


1 bit 


When set to 1 , the PLL is bypassed for low frequency testing. 


M 


6 bit 


This register is used to define the ratio for the desired frequency of the primary clock. 


DDSK 


1 bit 


When DDSK is set to 1, deskew is disabled. The chip will provide low skew clocks at the chip output 
pins, but trace length variations will not be compensated. When DDSK is set to 0, normal deskew will 
provide low skew clocks at the loads. This bit is only for ML6510-130. 



ML6510-80 SHIFT REGISTER CHAIN 

NO N1 N2 N3 N4 N5 N6 R0 R1 CM CS TEST MO M1 M2 M3 M4 M5 



SERIAL DATA IN - 
(from EEPROM, 
or ^Processor, 
or internal ROM) 



-0-0£}CHDCHD-0£]HIrCH^^ 



MSB LSB MSB 



ML6510-130 SHIFT REGISTER CHAIN 

NO N1 N2 N3 N4 N5 N6 R0 R1 DDSK CM CS TEST MO M1 M2 M3 M4 M5 

£?,P,^, lSB MSB LSB MSB "- SB MSB 

or (^Processor, 

or internal ROM) 
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APPLICATIONS 



ZERO SKEW CLOCK GENERATION 

The most advantageous feature of using PACMan is its 
ability to deliver multiple copies of the clock to the load 
with very low skew. Because of its unique ability in 
deskewing, trace length and load consideration are no 
longer critical in board design. 

Because of the unique deskewing scheme, neither the 
trace length nor the device loads need to be equal. This is 
true for loads, <20pF. Higher loads can be driven if they 
are placed close to the clock chip, to guarantee signal 
integrity. 




LOW SKEW CLOCK DISTRIBUTION 

Clock distribution design is usually not a trivial task, 
especially when multiple clock chips are needed. By 
using closely grouped PACMans, 16 or more clock lines 
can be created with low part-to-part skew. Additional 
groups of clocks can be clustered and driven from 
deskewed clock lines, to minimize the number of long- 
distance clock lines. 









CLKO 
CLK1 
CLK2 






ML6510 


ML6510 


CLK1 
CLK2 


• 

• 
CLKO 
CLK1 
£JLK2 








CLK3 




rO REMOTE Gf 
F CLUSTERED 1 


tOUP 
.OADS 


ML6510 





BOARD TO BOARD SYNCHRONIZATION 

Distribution of the synchronous clock could present 
significant difficulty at high frequency. With the system 
clock generated by the ML6510, a zero skew clock 
delivery to a backplane is now possible. By using the 
ML651 slave chip or the ML651 in slave mode at the 
receiver end, a near zero delay clock link can be 
accomplished between the mother board and the satellite 
boards. 

Because the PACMan has frequency doubling capability, a 
lower frequency signal can be used to route across a back 
plane. 





1 








1 




















ML6510 






ML6510 
(SLAVE MODE) 










1 



























EXAMPLE CONFIGURATION 

Shown in Figure 7 is an example configuration using 
two ML6510 chips in tandem to generate eight 66 MHz 
clocks and eight 33MHz low-skew clocks from a 66MHz 
input reference. This requires only the termination 
resistors. Configurations are loaded from the internal 
ROM. PCB traces to 1 5 are each 50Q. impedance and 
the load capacitances Clo-Qis are to 20pF each. No 
trace length matching is required among separate clock 
outputs. All traces are shown with a series termination at 
the output. 



LOADIO-7] 



J 



tSKEWR (or tSKEWB) 



LOAD[8-15] 
33 MHz 



'J 



tpp2 



t~ 



¥ 



■ tSKEWR (Or tSKEWB) 
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SYSTEM RESET LOW - 
VCC 



66MHz 
TTL REFERENCE 



H^ 



ROMMSB 
MCLK 
MD, N 
MD OUT 



CLK,nh 
CLKinl 



MCLK 
MD, N 

MD OUT 



ML6510-80 
TTL1X 
MODE 



RCLKH RCLKL 



CLKinh CLK,NL 



ML6510-80 

PECL 0.5X 

MODE 



CLK7 
FB7 



CLK1 
FBI 



T 
I 



Clo 



T 

I 



c L i 



T 
I 



C L 7 



1" 
I 



CL8 



T 

I 



33 MHz 
C L 9 



A^mSIMSM^^ 33 MHz 



T 

J^lis 



ALL_CLOCK_READY 



Figure 7. Example use of two ML65I0-80 to generate multiple frequency clocks. 

First ML6510-80 generates eight 66MHz clocks while second ML6510-80 takes 66MHz 

small-swing reference from the first chip and generates eight 33MHz clocks. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6510CQ-80 


0°C to +70°C 


44-pin PLCC (Q44) 


ML6510CQ-130 


0°C to +70°C 


44-pin PLCC (Q44) 
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High Speed Dual Quad Buffer/Line Driver 



GENERAL DESCRIPTION 

The ML65244 is a BiCMOS, non-inverting dual quad 
buffer/line driver. Its 8-channels suooort a propagation 
delay of 1 .5ns, while driving a 50pF load @ 50 MHz 
switching frequency and have tri-state outputs making 
them ideal for very high speed bus oriented applications. 
This increased performance is provided without a 
significant increase in power dissipation, thus increasing 
system reliability. The ML65244 high speed buffer uses a 
unique analog implementation over the conventional 
inverter approaches and hence does not waste precious 
nanoseconds waiting for signals to settle. It achieves its 
low and predictable delay as the output closely follows 
the input, including the rise and fall times. The ML65244 
follows the pinout and functionality of the industry 
standard FCT244 buffer/line driver and is intended for 
applications where propagation delay is critical to the 
system design. The ML65244 is available in SOIC and 
QSOP packages. 

Note: This part was previously numbered ML6582. 



FEATURES 

■ Fastest buffer/line driver — 1 .5ns propagation delay 

capability on the output (two 4-bit sections) 

■ TTL compatible input and output levels 

■ Schottky diode clamps on all inputs to handle 
undershoot and overshoot 

■ Onboard schottky diodes minimizes noise 

■ Reduced output swing of - 4.1 volts 

■ Ground bounce controlled outputs, typically less 
than 400mV (See Figure 1) 

■ Small area, low profile, 20-pin QSOP and industry 
standard SOIC packages 

■ Industry standard FCT244 type pinout 

■ Applications involve, high speed cache memory, main 
memory, processor bus buffering and graphics cards 



BLOCK DIAGRAM 




YBi» 



1G» 
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PIN CONFIGURATION 



20-Pin SOIC, QSOP 



ic rr 




20 


~n vcc 


Aonr 


2 


19 


~n 2G 


ybo r~r~ 


3 


18 


"T~l YAO 


M nz 


4 




~n bo 


ybi rr~ 


5 


16 


~n yai 


A2 rr 


6 




zn bi 


yb2 rr 




14 


Zn YA2 


A3 rr 


8 




~n B2 


yb3 rr 


9 


12 


~T~I YA3 


GND f~T~ 


10 




~n bs 




TOP VIEW 





PIN DESCRIPTION 

NAME I/O DESCRIPTION 



Ai 


1 


Data Bus A 


YAi 


O 


Data Bus A 


Bi 


1 


Data Bus B 


YBi 


o 


Data Bus B 


1G 


1 


Output Enable for data bus A 


2G 


1 


Output Enable for data bus B 


GND 


1 


Signal Ground 


Vcc 


1 


+ 5V supply 



FUNCTION TABLE 



1G/2G 


Ai/Bi 


YAi/YBi 


High 


X 


Tri-state 


Low 


Low 


Low 


Low 


High 


High 



ABSOLUTE MAXIMUM RATINGS 

Supply voltage -0.3 to + 7VDC 

DC Output voltage -0.3 to + 7VDC 

DC Input voltage -0.3 to + 7VDC 

AC Input voltage (PW < 20ns) -3.0V 

Storage temperature -65°C to 1 50°C 

Junction temperature 1 50°C 

Max output sink current per pin 120mA 

Thermal Impedance (8ja) 

SOIC 90°CAV 

QSOP 95°C/W 



TYPICAL CAPACITANCE 



Pins 


SOIC 


QSOP 


Units 


1 &19 


4 


4 


pF 


10&20 


6 


6 


pF 


2-9,11-18 


8 


8 


pF 



Note: Capacitance is based on characterization data only 
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Note 1 : Not more than one output should be shorted for more than a second 

Note 2: This is a true analog buffer In the linear region, the output tracks the input with an offset (Voff) F° r VoH' ^IN = 2.6V, Vqh min includes Vqff 

For Vol, V, n = OV, V OL max includes Vqff 
Note 3: Guaranteed by design only 

Note 4: See figure 2 for Ioh versus Voh and Iql versus Vol data. 
Note 5: One line switching, see figure 3, tpLH, tpHL versus Q. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise stated, these specifications apply for: V C c = 5.0 ± 5%V, T A = 0°C to 70°C 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


AC ELECTRICAL CHARACTERISTICS (C LOA D = 50pF, R LOA D = 500Q) 


tpLH/ tpHL 


Propagation delay 


Ai to YAi, Bi to YBi (Note 5) 




1.3 


1.5 


ns 


tOE 


Output enable time 
TG, 2G to YAi/YBi 






7 


10 


ns 


tOD 


Output disable time 
1G, 2G to YAi/YBi 


(Note 3) 






10 


ns 


DC ELECTRICAL CHARACTERISTICS (C LOA D = 50pF, R LOA D = ~) 


V| H 


Input high voltage 


Logic HIGH 


2.0 






V 


V,L 


Input low voltage 


Logic LOW 






0.8 


V 


llH 


Input high current 


Per pin, TTL logic high input 




0.5 


1.5 


mA 


IlL 


Input low current 


Per pin, TTL logic low input 




2.4 


3.5 


mA 


'hi-z 


Tri-state output current 


V CC = 5.25V, 0<V| N <Vcc 






5 


uA 


tos 


Short circuit current 


V CC = 5.25V, V = GND 
(Notes 1 & 3) 


-60 




-225 


mA 


Vic 


Input clamp voltage 


V C c = 4.75V, l (N = 18mA 
(Note 3) 




-0.7 


-1.2 


V 


Voh 


Output high voltage 


V CC = 4.75V, Iqh = 100uA 
(Notes 2 & 4) 


2.4 






V 


Vol 


Output low voltage 


V C c = 4.75V, Iql = 25mA 
(Notes 2 & 4) 






0.55 


V 


Voff 


Vin - Vout P er buffer 


V C c = 4.75V (Note 2) 





100 


200 


mV 


Ice 


Quiescent Power 
Supply Current 


V cc = 5.25V, Freq = 0Hz, 
Inputs/outputs open 




55 


80 


mA 



OV - 
3V 



tR, tF = 4ns 



.»$ ilvi 



■«J 
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CHI 1.00V CH2 1.00V 10.0ns CH1 1.00 V CH2 1.00V 10.0ns 

74FCT244 ML65244 

Figure 1 . Ground Bounce Comparison, Four Outputs Switching into 50pF Loads. 
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Figure 2a. Typical Vql Versus Iql 
for One Buffer Output. 



Figure 2b. Typical Vqh Versus Iqh 
for One Buffer Output. 
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Figure 3. Propagation Delay (tpj.H/ tpm) Versus Load 
Capacitance, One Output Switching. 
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Figure 4. Ice Versus Frequency for Various Load 
Capacitances, Four Outputs Switching. 
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FUNCTIONAL DESCRIPTION 

The ML65244 is a very high speed, 8-bit, non-inverting 
buffer/line driver with tri-state outputs which are ideally 
suited for bus-oriented applications. It achieves a 1 .5ns 
propagation delay into a 50pF load at 50 MHz because of 
the fact that the ML65244 supports an analog design 
approach (a true unity gain buffer), as compared to the 
conventional digital inverter type approaches. The 
ML65244 achieves its low and predictable propagation 
delay by having its output follow its input with a small 

n((cnt r^f -» r-Aimln r\4 Uunrlrnrl mllllw/^itc Tl~»o /-»i itrM it r\ccs 
v.^v v . ~ v-^^^.v, ~. . .*-. .*-.^~ ....... .w.^. . ..^ v^v...^^... . .^ 

and fall times will closely match those of the input 
waveform. All inputs and outputs have schottky clamp 
diodes for handling undershoot or overshoot noise 
suppression in un-terminated applications. All outputs 
have ground bounce suppression (which is typically of the 
order of 400mV), high drive output capability with almost 
immediate response to the input signal and low output 
skew. The Iql current drive spec of a buffer/line driver is 
often interpreted as a measure of the buffer/line drivers 
ability to sink current in a dynamic sense. This may be 
true for CMOS buffer/line drivers, but it is not true for the 
ML65244. This is because the ML65244's sink or source 
current capability depends on the difference between the 
output and the input. The ML65244 can sink or source 
more than 100 milliamps to a load capacitor when the 
load is switching because in this case, the difference 
between the input and output is large. Iql is only 
significant as a DC specification and in the case of the 
ML65244 it is 25mA. The output enable (1G & 2G) inputs 



enable the selected port for output or tri-state. 
The ML65244 follows the pinout and functionality of the 
industry standard FCT 244 series of buffer/line drivers 
and is intended to replace them in designs where the 
propagation delay is a critical part of the system 
consideration. The user needs to exercise caution in their 
design as the ML65244 will load an active bus when Vcc 
is removed from the device. 

ARCHITECTURAL DESCRIPTION 



are capable of driving load capacitances several times 
larger than their input capacitance. The ML65244 is 
configured so that the Ai inputs goto the YAi outputs, with 
the output enable controlled by 1 G. Similarly 2G controls 
the Bi inputs which go to the YBi outputs. 

Until now, these buffer/line drivers were typically 
implemented in CMOS logic and made to be TTL 
compatible by sizing the input devices appropriately. In 
order to buffer large capacitances with CMOS logic, it is 
necessary to cascade an even number of inverters, each 
successive inverter larger than the preceding, eventually 
leading to an inverter that will drive the required load 
capacitance at the required frequency. Each inverter stage 
represents an additional delay in the gating process 
because in order for a single gate to switch, the input must 
slew more than half of the supply voltage. The best of 
these CMOS buffers has managed to drive a 50pF load 
capacitance with a delay of 3.2ns. 
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Figure 5. One buffer cell of the ML65244 
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Micro Linear has produced an dual quad buffer/line driver 
with a delay less than 1 .5ns by using a unique circuit 
architecture that does not require cascaded logic gates. 
The ML65244 uses feedback techniques to produce an 
output that follows the input. If the output voltage is not 
close to the input then the feedback will source enough 
current to the load capacitance to correct the discrepancy. 

The basic architecture of the ML65244 is shown in Figure 5. 
It is implemented on a 1 .5(im BiCMOS process. However, 
in this particular circuit, all of the active devices are NPNs 
— the fastest devices available in the process. 

In this circuit, there are two paths to the output. One path 
sources current to the load capacitance when the signal is 
asserted and the other path sinks current from the output 
when the signal is negated. 

The assertion path is the emitter follower path consisting 
of the level shift transistor Q1 , the output transistor Q2 
and the bias resistor R8. It sources current to the output 
through the 75Q resistor R7 which is bypassed by another 
NPN (not shown) during fast input transients. The 
negation path is a current differencing opamp connected 
in a follower configuration. The active components in this 
amplifier are transistors Q3-Q7. R3-R6 are bias resistors, 
and R1 and R2 are the feedback resistors. The key to 
understanding the operation of the current differencing 
opamp is to know that the current in transistors Q3 and 
Q5 are the same at all times and that the voltages at the 
bases of Q4 and Q6 are roughly the same. If the output is 
higher than the input, then an error current will flow 
through R2. This error current will flow into the base of 
Q6 and be multiplied by (3 squared to the collector of Q7 
thus closing the loop. The larger the discrepancy between 
the output and input, the larger the feedback current, and 
the harder Q7 sinks current from the load capacitor. 



A number of MOSFETs that are not shown in Figure 5 
have been used in the ML65244. These MOSFETs were 
used to tri-state dormant buffers. For instance, the 
feedback resistors R1 and R2 were implemented as 
resistive transmission gates to ensure that disabled buffers 
do not load the lines they are connected to. Similarly, 
there is a PMOS in series with R8 that is normally on but 
shuts off for disable. Other MOSFETs have been included 
to ensure that disabled buffers consume no power. 

TERMINATION 

R7 in Figure 5 also acts as a termination resistance. This 
75Q resistor is in series with the output and therefore 
helps suppress noise caused by transmission line effects 
such as reflections from mismatched impedances. Systems 
designers using CMOS transceivers commonly have to use 
external resistors in series with each transceiver output to 
suppress this noise. Hence, systems designers using the 
ML65244 may not have to use these external resistors. 

APPLICATIONS 

There are a wide variety of existing and future needs for 
an extremely fast buffers in high speed processor system 
designs like Pentium, PowerPC, Mips, Sparc, Alpha and 
other RISC processors. The applications are either in the 
cache memory area or the main memory (DRAM) area. 
Besides these, the fast buffer could find applications in 
high speed graphics and multimedia applications. The 
high capacitive loading due to multiplexed address lines 
on the system bus demand external buffers to take up the 
excess drive current. The needed current to skew the 
transitions between rise and fall times must be done 
without adding excessive propagation delay. The devices 
are equipped with schottky diodes to clean up ringing 
from overshoot and undershoot caused by reflections in 
un-terminated board traces. 



ORDERING INFORMATION 



PART NUMBER 


SPEED 


TEMPERATURE RANGE 


PACKAGE 


ML65244CS 
ML65244CK 


1.5ns 
1.5ns 


0°C to +70°C 
0°C to +70°C 


20-Pin SOIC (S20) 
20-Pin QSOP (K20) 



Intel, Pentium, PCI are registered trademarks of Intel Corporation Mips, Alpha and Sparc are registered trademarks of Silicon Graphics, DEC and 
Sun Microsystems respectively 
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High Speed Octal Buffer Transceiver 



GENERAL DESCRIPTION 

The ML65245 is a BiCMOS, non-inverting octal 
transceiver. Its 8-channels support a propagation delay of 
1 .5rib, while driving <x 50pF iuctd <S 50 mrlz. swiLching 
frequency and have tri-state outputs making them ideal for 
very high speed bus oriented applications. This increased 
performance is provided without a significant Increase in 
power dissipation, thus increasing system reliability. The 
ML65245 high speed buffer uses a unique analog 
implementation over the conventional inverter 
approaches and hence does not waste precious 
nanoseconds waiting for signals to settle. 
It achieves its low and predictable delay as the output 
closely follows the input, including the rise and fall times. 
The ML65245 follows the pinout and functionality of the 
industry standard FCT family of transceivers and is 
intended for applications where propagation delay is 
critical to the system design. The ML65245 is available in 
SOIC and QSOP packages. 

Note: This part was previously numbered ML6580. 



FEATURES 

■ Fastest transceiver — 1 .5ns propagation delay 

■ Fast 8-bit TTL level transceiver with tri-state capability 
on the output 

■ TTL compatible input and output levels 

■ Schottky diode clamps on all inputs to handle 
undershoot and overshoot 

■ Onboard schottky diodes minimizes noise 

■ Reduced output swing of - 4.1 volts 

■ Ground bounce controlled outputs, typically less 
than 400mV (See Figure 1 ) 

■ Small area, low profile, 20-pin QSOP and industry 
standard SOIC packages 

■ Industry standard FCT245 type pinout 

■ Applications involve, high speed cache memory, main 
memory, processor bus buffering and graphics cards 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



20-Pin SOIC, QSOP 



T/RfT" 




20 


~n vcc 


AOfT 


2 


19 


~n oe 


ai rr 


3 


18 


T~1 BO 


A2rr~ 


4 




~n bi 


A3f~r 




16 


~n B2 


A4 rr 


6 




~n B3 


as rr 




14 


~n B4 


A6 rr 


8 


13 


~n Bs 


a? rr 


9 


12 


~n Be 


gnd rn 


10 


11 


~n B7 



TOP VIEW 



PIN DESCRIPTION 

NAME I/O DESCRIPTION 



Ai 


I/O 


Data Bus A 


Bi 


I/O 


Data Bus B 


T/R 


I 


Direction select 


OE 


I 


Output Enable 


GND 


I 


Signal Ground 


Vcc 


I 


+ 5V supply 



FUNCTION TABLE 



OE 


T/R 


A 


B 


Function 


High 


Don't care 


Tri -state 


Tri-state 


Disable 


Low 


Low 


Output 


Input 


Bus B to Bus A 


Low 


High 


Input 


Output 


Bus A to Bus B 



ABSOLUTE MAXIMUM RATINGS 

Supply voltage -0.3 to + 7VDC 

DC Output voltage -0.3 to + 7VDC 

DC Input voltage -0.3 to + 7VDC 

AC Input voltage (PW < 20ns) -3.0V 

Storage temperature -65°C to 1 50°C 

Junction temperature 1 50°C 

Max output sink current per pin 1 20mA 

Thermal Impedance (9ja) 

SOIC 90°C/W 

QSOP 95°C/W 



TYPICAL CAPACITANCE 



Pins 


SOIC 


QSOP 


Units 


1 &19 


4 


4 


pF 


10&20 


6 


6 


pF 


2-9, 11-18 


8 


8 


pF 



Note: Capacitance is based on characterization data only 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise stated, these specifications apply for: Vcc = 5.0 ± 5%V, Ta = 0°C to 70°C 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


AC ELECTRICAL CHARACTERISTICS (C LO AD = 50pF, R LOA D = 500ft) 


tpLH/ tpHL 


Propagation delay 


Ai to/from Bi (Note 5) 




1.3 


1.5 


ns 


tOE 


Output enable time 
OE,T/RtoAi/Bi 






7 


10 


ns 


*OD 


Output disable time 

OF T/R tn Ai/Ri 


(Note 3) 






10 


ns 


DC ELECTRICAL CHARACTERISTICS (unless otherwise stated C LO ad - 50pF, Rload = °°) 


V| H 


Input high voltage 


Logic HIGH 


2.0 






V 


Vil 


Input low voltage 


Logic LOW 






0.8 


V 


l|H 


Input high current 


Per pin, TTL logic high input 




0.5 


1.5 


mA 


IlL 


Input low current 


Per pin, TTL logic low input 




2.4 


3.5 


mA 


'hi-z 


Tri-state output current 


V cc = 5.25V, 0<V, N < V CC 






5 


uA 


bs 


Short circuit current 


V CC = 5.25V, V = GND 
(Notes 1 & 3) 


-60 




-225 


mA 


V,c 


Input clamp voltage 


V C c = 4.75V, l, N = 18mA 
(Note 3) 




-0.7 


-1.2 


V 


VOH 


Output high voltage 


V cc = 4.75V, I O h = 100uA 
(Notes 2 & 4) 


2.4 






V 


Vol 


Output low voltage 


V CC = 4.75V, Iol = 25mA 
(Notes 2 & 4) 






0.55 


V 


Voff 


V|n - Vqut per buffer 


V C c = 4.75V (Note 2) 





100 


200 


mV 


'cc 


Quiescent Power 
Supply Current 


V CC = 5.25V, f = 0Hz, 
Inputs/outputs open 




55 


80 


mA 



Note 1 : Not more than one output should be shorted for more than a second. 

Note 2: This is a true analog buffer. In the linear region, the output tracks the input with an offset (Voff)- For Vqh, Vin = 2.6V, Voh min includes Voff- 

For Vql, V iN = 0V, Vol max includes Voff 
Note 3: Guaranteed by design only. 

Note 4: See figure 2 for Iqh versus Vqh ar| d Iol versus Vql data. 
Note 5: One line switching, see figure 3, tptH/ tpHL versus Q. 



3V 

INPUT 1.5 

0V ■ 



3V 



tR, tF = 4ns 
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CHI 1.00V CH2 1.00V 10.0ns CH1 1.00V CH2 1.00V 10.0ns 

74FCT245 ML65245 

Figure 1 . Ground Bounce Comparison, Four Outputs Switching into 50pF Loads. 
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Figure 2a. Typical Vql Versus Iql 
for One Buffer Output. 
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Figure 2b. Typical Vqh Versus Iqh 
for One Buffer Output. 
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Figure 3. Propagation Delay (tpi_H> tpHi.) Versus Load 
Capacitance, One Output Switching. 
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Figure 4. Ice Versus Frequency for Various Load 
Capacitances, Four Outputs Switching. 
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FUNCTIONAL DESCRIPTION 

The ML65245 is a very high speed, 8-bit, non-inverting 
transceiver with tri-state outputs which are ideally suited 
for bus-oriented applications. It achieves a 1 .5ns 
propagation delay into a 50pF load at 50 MHz because of 
the fact that the ML65245 supports an analog design 
approach (a true unity gain buffer), as compared to the 
conventional digital inverter type approaches. The 
ML65245 achieves its low and predictable propagation 
delay by having its output follow its input with a small 

offset of a couplp of hiindrprl millivolts The O'Jtput rise 

and fall times will closely match those of the input 
waveform. All inputs and outputs have schottky clamp 
diodes for handling undershoot or overshoot noise 
suppression in un-terminated applications. All outputs 
have ground bounce suppression (which is typically of the 
order of 400mV), high drive output capability with almost 
immediate response to the input signal and low output 
skew. The Iql current drive spec of a transceiver is often 
interpreted as a measure of the transceivers ability to sink 
current in a dynamic sense. This may be true for CMOS 
transceivers, but it is not true for the ML65245. This is 
because the ML65245's sink or source current capability 
depends on the difference between the output and the 
input. The ML65245 can sink or source more than 100 
milliamps to a load capacitor when the load is switching 
because in this case, the difference between the input and 
output is large. Iol is only significant as a DC specification 
and in the case of the ML65245 it is 25mA. The transmit/ 
receive (T/R) input determines the direction of data flow 



either from A to B or B to A, while the output enable (OE) 
input enables the selected port for output or tri-state. The 
ML65245 follows the pinout and functionality of the 
industry standard FCT series of transceivers and is 
intended to replace them in designs where the 
propagation delay is a critical part of the system 
consideration. The user needs to exercise caution in their 
design as the ML65245 will load an active bus when Vcc 
is removed from the device. 

ARCHITECTURAL DESCRIPTION 

Octal transceivers are 8 bit logic devices that are capable 
of driving load capacitances several times larger than their 
input capacitance. These transceivers have eight inputs 
labeled A and eight labeled B. They can be programmed 
to transmit from A to B or from B to A or to go into a 
disable state in which both A and B are high impedance. 

Until now, these transceivers were typically implemented 
in CMOS logic and made to be TTL compatible by sizing 
the input devices appropriately. In order to buffer large 
capacitances with CMOS logic, it is necessary to cascade 
an even number of inverters, each successive inverter 
larger than the preceding, eventually leading to an inverter 
that will drive the required load capacitance at the 
required frequency. Each inverter stage represents an 
additional delay in the gating process because in order 
for a single gate to switch, the input must slew more than 
half of the supply voltage. The best of these CMOS buffers 
has managed to drive a 50pF load capacitance with a 
delay of 3.2ns. 
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Figure 5. One buffer cell of the ML65245 
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Micro Linear has produced an octal transceiver with a 
delay less than 1 .5ns by using a unique circuit 
architecture that does not require cascaded logic gates. 
The ML65245 uses feedback techniques to produce an 
output that follows the input. If the output voltage is not 
close to the input then the feedback will source enough 
current to the load capacitance to correct the discrepancy. 

The basic architecture of the ML65245 is shown in 
Figure 5. It is implemented on a 1 .5um BiCMOS process. 
However, in this particular circuit, all of the active devices 
are NPNs — the fastest devices available in the process. 

In this circuit, there are two paths to the output. One path 
sources current to the load capacitance when the signal is 
asserted and the other path sinks current from the output 
when the signal is negated. 

The assertion path is the emitter follower path consisting 
of the level shift transistor Q1 , the output transistor Q2 
and the bias resistor R8. It sources current to the output 
through the 75Q resistor R7 which is bypassed by another 
NPN (not shown) during fast input transients. The 
negation path is a current differencing opamp connected 
in a follower configuration. The active components in this 
amplifier are transistors Q3-Q7. R3-R6 are bias resistors, 
and R1 and R2 are the feedback resistors. The key to 
understanding the operation of the current differencing 
opamp is to know that the current in transistors Q3 and 
Q5 are the same at all times and that the voltages at the 
bases of Q4 and Q6 are roughly the same. If the output is 
higher than the input, then an error current will flow 
through R2. This error current will flow into the base of 
Q6 and be multiplied by p squared to the collector of Q7 
thus closing the loop. The larger the discrepancy between 
the output and input, the larger the feedback current, and 
the harder Q7 sinks current from the load capacitor. 

A number of MOSFETs that are not shown in Figure 5 
have been used in the ML65245. These MOSFETs were 
used to tri-state dormant buffers. For instance, the 
feedback resistors R1 and R2 were implemented as 
resistive transmission gates to ensure that disabled buffers 
do not load the lines they are connected to. Similarly, 
there is a PMOS in series with R8 that is normally on but 
shuts off for disable. Other MOSFETs have been included 
to ensure that disabled buffers consume no power. 

TERMINATION 

R7 in figure 5 also acts as a termination resistance. This 
75Q. resistor is in series with the output and therefore 
helps suppress noise caused by transmission line effects 
such as reflections from mismatched impedances. Systems 
designers using CMOS transceivers commonly have to use 
external resistors in series with each transceiver output to 
suppress this noise. Hence, systems designers using the 
ML65245 may not have to use these external resistors. 



APPLICATIONS DESCRIPTION 

There are a wide variety of existing and future needs for 
an extremely fast buffer/transceiver in high speed 
processor system designs like Pentium, PowerPC, Mips, 
Sparc, Alpha and other RISC processors. The applications 
are either in the cache memory area or the main memory 
(DRAM) area. Besides these, the fast buffer could find 
applications in high speed graphics and multimedia 
applications. The high capacitive loading due to 
multiplexed address lines on the system bus demand 
external buffers to take up the excess drive current. The 
needed current to skew the transitions between rise and 
fall times must be done without adding excessive 
propagation delay. The devices are equipped with 
schottky diodes to clean up ringing from overshoot and 
undershoot caused by reflections in un-terminated board 
traces. 

APPLICATION 1 

BUFFERING MAIN MEMORY 

An example main memory application is shown in 
Figure 6 for the Intel PCI chipset with the Pentium 
processor. This discussion is only intended as a general 
reference. For details please refer to the appropriate Intel 
documentation. This system has a 66MHz host processor 
and a 33MHz main (DRAM) memory bus. The main 
memory row and column addresses (RAS & CAS) and 
write enable (WE) signals are provided by the PCMC chip 
(PCI Cache and Memory Controller) device. The DRAM 
SIIMs put a heavy load on the PCMC and must be 
buffered. Three buffered copies of the address signals and 
write enable are required to drive the six row array. The 
ML65245 provides the buffered signals and gives extra 
margin to be able to use slower memory modules instead 
of the normally required 50/70ns. The burst read (page- 
hit) performance is typically 7-4-4-4 at 66MHz for 70ns 
DRAMs or 6-3-3-3 at 66MHz for 50ns DRAMs. This 
usually translates to significantly higher costs. With the 
speed improvement offered by the ML65245, a 6-3-3-3 
burst with 60ns DRAMs may be achievable. The extra 
margin comes from the 1 .5ns propagation delay of the 
buffer. External resistor arrays are not necessary. This 
becomes even more of an issue in future PCI systems 
which may operate at 80MHz and beyond. 

This kind of main memory application for the ML65245 
could potentially extend to other kinds of processor 
systems which do not require latched buffering. Figure 7 
shows a main memory design example with the ML65245 
for the Mips R4X00 RISC processor based system without 
secondary cache. The faster propagation delay essentially 
translates to a faster main memory access. 
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Figure 6. ML65245 in a main memory application for a Pentium based system. The high drive and low propagation 
delay are essential to buffer the write enable and memory addresses to the main memory SIIMs. 
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Figure 7. The ML65245 in a non-cache, main memory RISC application. The main memory could be DRAM or 
CacheDRAM. The ML65245 can be used as a data I/O transceiver as well as an address buffer, as shown above. 
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APPLICATION 2 



BUFFERING CACHE MEMORY 

With the advent of higher power operating systems like 
Windows NT, NeXT Step, Cairo, etc., RISC processor 
designs are gaining momentum like Mips R4000 series. In 
these systems the interface to secondary cache has a 
critical path in the address and bus control pins. As shown 
in Figure 8, any time (propagation delay) saved in the 
buffer translates to a slower SRAM access requirement and 
hence less expensive. Currently the secondary cache bus 
operates at 75MHz. In order to meet the 1 3ns cycle time, 



the SRAM and Buffer must meet a total access time of 
1 2ns. With the ML65245 for a buffer, the required SRAM 
access time is 10ns at 75MHz and 18ns at 50MHz. With 
the fastest FCT buffer available (3.2ns), the SRAM access 
time required in the above scenarios would be 8ns and 
1 5ns respectively. This access time difference could mean 
the difference between using expensive BiCMOS SRAMs 
versus less expensive CMOS SRAMs. 
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Figure 8. ML65245 in a R4X00 secondary cache application. The address and control signal path is critical and 

loads the R4X00 output pins. The ML65245 buffer alleviates the load on the R4X00 and because it is fast, 

slower, less expensive SRAMs can be used. 
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Figure 9. Timing waveform showing address buffer switching rate (t^ + ta) in a secondary each module. 
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ORDERING INFORMATION 



PART NUMBER 


SPEED 


TEMPERATURE RANGE 


PACKAGE 


ML65245CS 
ML65245CK 


1.5ns 
1.5ns 


0°C to +70°C 
0°C to +70°C 


20-Pin SOIC (S20) 
20-Pin QSOP (K20) 



Intel, Pentium, PCI are registered trademarks of Intel Corporation. Mips, Alpha and Sparc are registered trademarks of Silicon Graphics, DEC and 
Sun Microsystems respectively. 
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GENERAL DESCRIPTION 

The ML65541 is a BiCMOS, non-inverting octal buffer/ 
line driver. Its 8-channels support a propagation delay of 
1 .5ns, while driving a 50pF load @ 50 MHz switching 
frequency and have tri-state outputs making them ideal for 
very high speed bus oriented applications. This increased 
performance is provided without a significant increase in 
power dissipation, thus increasing system reliability. The 
ML65541 high speed buffer uses a unique analog 
implementation over the conventional inverter 
approaches and hence does not waste precious 
nanoseconds waiting for signals to settle. It achieves its 
low and predictable delay as the output closely follows 
the input, including the rise and fall times. The ML65541 
follows the pinout and functionality of the industry 
standard FCT541 family of buffer/line driver and is 
intended for applications where propagation delay is 
critical to the system design. The ML65541 is available in 
SOIC and QSOP packages. 

Note: This part was previously numbered ML6581 . 



FEATURES 

■ Fastest buffer/line driver — 1 .5ns propagation delay 

■ Fast 8-bit TTL level buffer/line driver with tri-state 
capability on the output 

■ TTL compatible input and output levels 

■ Schottky diode clamps on all inputs to handle 
undershoot and overshoot 

■ Onboard schottky diodes minimizes noise 

■ Reduced output swing of - 4.1 volts 

■ Ground bounce controlled outputs, typically less 
than 400mV (See Figure 1) 

■ Small area, low profile, 20-pin QSOP and industry 
standard SOIC packages 

■ Industry standard FCT541 type pinout 

■ Applications involve, high speed cache memory, main 
memory, processor bus buffering and graphics cards 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



20-Pin SOIC, QSOP 



oh l~T~ 




20 


zn v cc 


Aor~r 


2 


19 


~T~1 OE2 


ai rr 


3 


18 


~n bo 


A2r~r 


4 


17 


zn bi 


A3 rr 


5 


16 


~n B2 


A4r~r 


6 


15 


~n bs 


A5[_n 


7 


14 


|~n B4 


Aenz 


8 


13 


~n bs 


A7rr 


9 


12 


zn Be 


GND Q~ 


10 


11 


zn B7 



TOP VIEW 



PIN DESCRIPTION 

NAME I/O DESCRIPTION 



Ai 

Bi 

OET&OE2 

GND 

Vcc 



I Data Bus A 

O Data Bus B 

I Output Enable 

I Signal Ground 

I + 5V supply 



FUNCTION TABLE 



OE1/OE2 


A 


B 


High 


X 


Tri-state 


Low 


Low 


Low 


Low 


High 


High 



ABSOLUTE MAXIMUM RATINGS 

Supply voltage -0.3 to + 7VDC 

DC Output voltage -0.3 to + 7VDC 

DC Input voltage -0.3 to + 7VDC 

AC Input voltage (PW < 20ns) -3.0V 

Storage temperature -65°C to 1 50°C 

Junction temperature 1 50°C 

Max output sink current per pin 120mA 

Thermal Impedance (6ja) 

SOIC 90°C/W 

QSOP 95°C/W 



TYPICAL CAPACITANCE 



Pins 


SOIC 


QSOP 


Units 


1 & 19 


4 


4 


PF 


10&20 


6 


6 


PF 


2-9,11-18 


8 


8 


PF 



Note: Capacitance is based on characterization data only 
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Note 1 : Not more than one output should be shorted for more than a second. 

Note 2: This is a true analog buffer. In the linear region, the output tracks the input with an offset (Vqff)- f° r v OH/ Vin = 2.6V, Voh min includes Vqff- 

For Vol, V, n = OV, V OL max includes Vqff 
Note 3: Guaranteed by design only. 

Note 4: See figure 2 for Ioh versus Vqh and Iol versus Vol data- 
Note 5: One line switching, see figure 3, tpLH, tpHL versus Cl. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise stated, these specifications apply for: Vcc = 5.0 ± 5%V, T A = 0°C to 70°C 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


AC ELECTRICAL CHARACTERISTICS (C LO AD = 50pF, R LOA D = 500ft) 


tpLH/ tpHL 


Propagation delay 


Ai to Bi (Note 5) 




1.3 


1.5 


ns 


tOE 


Output enable time 
OE1,OE2toBi 






7 


10 


ns 


tOD 


Output disable time 
OE1,OE2toBi 


(Note 3) 






10 


ns 


DC ELECTRICAL CHARACTERISTICS (C LO ad = 50pF, R LOA D = °°) 


V,H 


Input high voltage 


Logic HIGH 


2.0 






V 


V|L 


Input low voltage 


Logic LOW 






0.8 


V 


l|H 


Input high current 


Per pin, TTL logic high input 




0.5 


1.5 


mA 


IlL 


Input low current 


Per pin, TTL logic low input 




2.4 


3.5 


mA 


'hi-z 


Tri-state output current 


V CC = 5.25V, 0<V, N < V CC 






5 


uA 


•os 


Short circuit current 


V C c = 5.25V, V = GND 
(Notes 1 & 3) 


-60 




-225 


mA 


Vic 


Input clamp voltage 


V C c = 4.75V, l, N = 18mA 
(Note 3) 




-0.7 


-1.2 


V 


Voh 


Output high voltage 


V C c = 4.75V, Ioh = 100uA 
(Notes 2 & 4) 


2.4 






V 


Vol 


Output low voltage 


V C c = 4.75V, Iql = 25mA 
(Notes 2 & 4) 






0.55 


V 


Vqff 


Vin - Vout P er buffer 


V CC = 4.75V (Note 2) 





100 


200 


mV 


Ice 


Quiescent Power 
Supply Current 


V C c = 5.25V, f = 0Hz, 
Inputs/outputs open 




55 


80 


mA 
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y v 


v/ 



, 


r~ 






V 





CHI 1.00V CH2 1.00V 10.0ns 



CHI 1.00V CH2 1.00V 



74FCT541 ML65541 

Figure 1 . Ground Bounce Comparison, Four Outputs Switching into 50pF Loads. 



200 
180 










































160 










































>§■ 120 

6 
~* ioo 










































80 
60 










































40 






















20 












































+20 

20 




















































* »0 














Z 

- -100 

-120 

-140 

-160 

-180 

-200 











































































Vol 



Voh 



Figure 2a. Typical Vol Versus Iql 
for One Buffer Output. 



3.0 
2.5 
2 


















1 

5" 15 










1.0 

0.5 
0.0 



























50 75 100 

LOAD CAPACITANCE (pF) 



Figure 3. Propagation Delay (tp L H/ tpm) Versus Load 
Capacitance, One Output Switching. 
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Figure 2b. Typical Vqh Versus Iqh 
for One Buffer Output. 
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Figure 4. Ice Versus Frequency for Various Load 
Capacitances, Four Outputs Switching. 
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FUNCTIONAL DESCRIPTION 

The ML65541 is a very high speed, 8-bit, non-inverting 
buffer/line driver with tri-state outputs which are ideally 
suited for bus-oriented applications. It achieves a 1 .5ns 
propagation delay into a 50pF load at 50 MHz because of 
the fact that the ML65541 supports an analog design 
approach (a true unity gain buffer), as compared to the 
conventional digital inverter type approaches. The 
ML65541 achieves its low and predictable propagation 
delay by having its output follow its input with a small 
offset of a couple of hundred millivolts. The output rise 
and fall times will closely match those of the input 
waveform. All inputs and outputs have schottky clamp 
diodes for handling undershoot or overshoot noise 
suppression in un-terminated applications. All outputs 
have ground bounce suppression (which is typically of the 
order of 400mV), high drive output capability with almost 
immediate response to the input signal and low output 
skew. The Iql current drive spec of a buffer/line driver is 
often interpreted as a measure of the buffer/line drivers 
ability to sink current in a dynamic sense. This may be 
true for CMOS buffer/line drivers, but it is not true for the 
ML65541 . This is because the ML65541 's sink or source 
current capability depends on the difference between the 
output and the input. The ML65541 can sink or source 
more than 1 00 milliamps to a load capacitor when the 
load is switching because in this case, the difference 
between the input and output is large. Iql is only 
significant as a DC specification and in t he ca se of the 
ML65541 it is 25mA. The output enable (OE1 & OE2) 



inputs enables the selected port for output or tri-state. 
The ML65541 follows the pinout and functionality of the 
industry standard FCT 541 series of buffer/line drivers 
and is intended to replace them in designs where the 
propagation delay is a critical part of the system 
consideration. The user needs to exercise caution in their 
design as the ML65541 will load an active bus when Vcc 
is removed from the device. 

ARCHITECTURAL DESCRIPTION 

Octal buffer/line drivers are 8 bit logic devices that are 
capable of driving load capacitances several times larger 
than their input capacitance. These buffer/line drivers 
have eight inputs labeled A and eight outputs labeled B. 

Until now, these buffer/line drivers were typically 
implemented in CMOS logic and made to be TTL 
compatible by sizing the input devices appropriately. In 
order to buffer large capacitances with CMOS logic, it is 
necessary to cascade an even number of inverters, each 
successive inverter larger than the preceding, eventually 
leading to an inverter that will drive the required load 
capacitance at the required frequency. Each inverter stage 
represents an additional delay in the gating process 
because in order for a single gate to switch, the input must 
slew more than half of the supply voltage. The best of 
these CMOS buffers has managed to drive a 50pF load 
capacitance with a delay of 3.2ns. 



IN» 




OUT 



GND 



Figure 5. One buffer cell of the ML65541 
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Micro Linear has produced an octal buffer/line driver with 
a delay less than 1 .5ns by using a unique circuit 
architecture that does not require cascaded logic gates. 
The ML65541 uses feedback techniques to produce an 
output that follows the input. If the output voltage is not 
close to the input then the feedback will source enough 
current to the load capacitance to correct the discrepancy. 

The basic architecture of the ML65541 is shown in Figure 5. 
It is implemented on a 1 .5jwn BiCMOS process. However, 
in this particular circuit, all of the active devices are NPNs 
— the fastest devices available in the process. 

In this circuit, there are two paths to the output. One path 
sources current to the load capacitance when the signal is 
asserted and the other path sinks current from the output 
when the signal is negated. 

The assertion path is the emitter follower path consisting 
of the level shift transistor Q1 , the output transistor Q2 
and the bias resistor R8. It sources current to the output 
through the 75Q resistor R7 which is bypassed by another 
NPN (not shown) during fast input transients. The 
negation path is a current differencing opamp connected 
in a follower configuration. The active components in this 
amplifier are transistors Q3-Q7. R3-R6 are bias resistors, 
and R1 and R2 are the feedback resistors. The key to 
understanding the operation of the current differencing 
opamp is to know that the current in transistors Q3 and 
Q5 are the same at all times and that the voltages at the 
bases of Q4 and Q6 are roughly the same. If the output is 
higher than the input, then an error current will flow 
through R2. This error current will flow into the base of 
Q6 and be multiplied by P squared to the collector of Q7 
thus closing the loop. The larger the discrepancy between 
the output and input, the larger the feedback current, and 
the harder Q7 sinks current from the load capacitor. 



A number of MOSFETs that are not shown in Figure 5 
have been used in the ML65541 . These MOSFETs were 
used to tri-state dormant buffers. For instance, the 
feedback resistors R1 and R2 were implemented as 
resistive transmission gates to ensure that disabled buffers 
do not load the lines they are connected to. Similarly, 
there is a PMOS in series with R8 that is normally on but 
shuts off for disable. Other MOSFETs have been included 
to ensure that disabled buffers consume no power. 

TERMINATION 

R7 in Figure 5 also acts as a termination resistance. This 
75Q resistor is in series with the output and therefore 
helps suppress noise caused by transmission line effects 
such as reflections from mismatched impedances. Systems 
designers using CMOS transceivers commonly have to use 
external resistors in series with each transceiver output to 
suppress this noise. Hence, systems designers using the 
ML65541 may not have to use these external resistors. 

APPLICATIONS 

There are a wide variety of existing and future needs for 
an extremely fast buffers in high speed processor system 
designs like Pentium, PowerPC, Mips, Sparc, Alpha and 
other RISC processors. The applications are either in the 
cache memory area or the main memory (DRAM) area. 
Besides these, the fast buffer could find applications in 
high speed graphics and multimedia applications. The 
high capacitive loading due to multiplexed address lines 
on the system bus demand external buffers to take up the 
excess drive current. The needed current to skew the 
transitions between rise and fall times must be done 
without adding excessive propagation delay. The devices 
are equipped with schottky diodes to clean up ringing 
from overshoot and undershoot caused by reflections in 
un-term mated board traces. 



ORDERING INFORMATION 



PART NUMBER 


SPEED 


TEMPERATURE RANGE 


PACKAGE 


ML65541CS 
ML65541CK 


1.5ns 
1.5ns 


0°C to +70°C 
0°C to +70°C 


20-Pin SOIC (S20) 
20-Pin QSOP (K20) 



Intel, Pentium, PCI are registered trademarks of Intel Corporation. Mips, Alpha and Sparc are registered trademarks of Silicon Graphics, DEC and 
Sun Microsystems respectively. 



6-82 



3^ Micro Linear 



3^, Micro Linear 



September 1 994 
PRELIMINARY 

ML6599 



Hot-lnsertable Active SCSI Terminator 



GENERAL DESCRIPTION 

The ML6599 BiCMOS SCSI terminator provides active 
termination in a SCSI system with single-ended drivers 
and receivers, in full compliance with the SCSI-1, SCSI-2 
and SCSI-3 recommendations. It provides a 2.85V 
reference through an internal 1 V dropout linear regulator. 
Active SCSI termination helps the system designer to 
effectively control analog transmission line effects like 
ringing, noise, crosstalk, ground bounce, etc. In addition it 
provides support for hot insertability on the SCSI bus. The 
desired V-l characteristics for signal negation requires that 
the terminator source 0-24mA while maintaining 2.85V 
and for signal assertion preferably follow a linear slope of 
110Q. The ML6599 provides a V-l characteristic 
optimized to minimize the transmission line effects during 
both signal assertion and negation, using a MOSFET based 
architecture. The desired V-l characteristic is achieved by 
trimming one resistor in the control block. It provides 
negative clamping for signal assertion transients and 
current sink capability, to handle active negation driver 
overshoots above 2.85V, which is currently accomplished 
with external components in SCSI subsystems. It provides 
a disconnect mode, where the terminator is completely 
disconnected from the SCSI bus and the output 
capacitance is typically < 5pF. 



FEATURES 

■ Fully monolithic IC solution providing active 
termination for 9 lines of the SCSI bus 

■ Provides on board support for hot-insertability on the 
SCSI bus 

■ Low dropout voltage (1 V) linear regulator, trimmed for 
accurate termination current 

■ Output capacitance typically < 5pF 

■ Disconnect mode — Logic pin to disconnect terminator 
from the SCSI bus, <100uA 

■ Current sinking — can sink current in excess of 1 0mA 
per line to handle active negation driver overshoots 
above 2.85V 

■ Negative clamping on all lines to handle signal 
assertion transients 

■ Regulator can source 200mA and sink 50mA while 
maintaining regulation 

■ Current limit & thermal shutdown protection 

■ Small and low profile package options; 1 6-pin SOIC 
(300 mil), 20-pin TSSOP (1 mil height) 



BLOCK DIAGRAM 



Vref 



GND-JI- 



LINEAR 
REGULATOR 
1V DROPOUT 



216mA 

(MAX) 



-^ 



MOSFETs WITH Imax = 24mA 

~~t=7 — Tin — 



± 



JRtrim] I IX^ 



Vref control | 

BLOCK 



K-f in i^H 



NCLAMP = Negative Clamp 



L1 L2 L9 

9 TERMINATION LINES 



Circuit design patent pending. 



3^, Micro Linear 



6-83 



ML6599 

GENERAL DESCRIPTION (Continued) 

Current limiting and thermal shutdown protection are also 
provided. The ML6599 provides 9 lines of termination in 
the industry's smallest package — 20-pin TSSOP. The nine 
line configuration is optimal for wide SCSI's 1 8, 27, or 45 
line termination needs. 



PIN CONFIGURATION 

16-Pin SOIC 



TERMPWR 

NCfT 
NC l I 3 
GNP l I 4 



DISCNKT 

NC 

urn 7 

L2 r~r a 



16 ~1 I L9 

" ZO L 8 

14 nn L7 

13 ZO V REF 

12 zn L6 

n nZI L5 

10 zn L4 

9 ZED L3 



20-Pin TSSOP 



TERMPWR I I 

hs rr 

NCl~T~ 

GNp rr" 
nc rr 



DISCNKT 

nc rr 
hs rr 

uOZ 

L2 rr 



zn L9 
~n L8 
zn hs 
zn»- 7 
zn vref 
zn L6 
zn l 5 
zn w 
zn hs 
zn «-3 



PIN DESCRIPTION 

NAME DESCRIPTION 



TERMPWR Termination Power. Should be connected 
to the SCSI TERMPWR line. A 10uf 
tantalum local bypass capacitor is 
recommended per system, as shown in 
the application diagram 

L1 Signal Termination 1 . SCSI Bus line 1 

L2 Signal Termination 2. SCSI Bus line 2 

L3 Signal Termination 3. SCSI Bus line 3 

L4 Signal Termination 4. SCSI Bus line 4 

L5 Signal Termination 5. SCSI Bus line 5 

L6 Signal Termination 6. SCSI Bus line 6 

17 Signal Termination 7. SCSI Bus line 7 

L8 Signal Termination 8. SCSI Bus line 8 

L9 Signal Termination 9. SCSI Bus line 9 



NAME DESCRIPTION 



V R ef 2 -85Vref Output. External decoupling 

with a 10uf tantalum in parallel with a 
0.1 uJ ceramic capacitor is 
recommended, as shown in the 
application diagram. 

DISCNKT Disconnect Terminator. Logic input to 
disconnect the terminator from the bus 
when the SCSI device no longer needs 
termination due to not being the last 
device on the bus or otherwise. Active 
low input. 

GND Ground. Signal Ground (0V) 

HS Heat Sink Ground. Should be 

connected to GND. 



NOTE : The DISCNKT line has a 200kii internal pullup resistor connected to the 
supply. This pin should be left floating for normal operation and should 
be connected to ground to enable the function 
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ABSOLUTE MAXIMUM RATINGS 

Signal Line Voltage -0.3 to TERMPWR + 0.3V 

Regulator Output Current -1 00 to 300mA 

TERMPWR Voltage -0.3 to 7V 

Storage Temperature -65°Cto150°C 

Soldering Temperature 260°C for 1 0s 

Thermal Impedance (8ja) 

SOIC 95°C/W 

TSSOP 110°C/W 



ML6599 

RECOMMENDED OPERATING 
CONDITIONS 

TERMPWR Voltage 4V to 5.25V 

Operating Temperature 0°C to 70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise stated, these specifications apply for 4V < TERMPWR < 5.25V, and T A = 0°C to 70°C 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


SUPPLY 


TERMPWR Supply Current 


L1-L9 = open, DISCNKT = open 




3.5 


5 


mA 




L1-L9 = 0.2 V, DISCNKT = open 




225 




mA 


Disconnect Mode Current 


DISCNKT = (active) 




75 


100 


uA 


INPUT 


Input Low Voltage 


DISCNKT 






1.0 


V 


input High Voltage 


DISCNKT 


TERMPWR - 1 .0 






V 


OUTPUT 


Output High Voltage 


Measuring each signal line 
while other eight are high 


2.8 


2.85 


2.9 


V 


Maximum Output Current 
(Normal Mode) 


Vout = 0.2V, Measuring each signal 
line while the other eight are high 






24 


mA 


Hot Insertion Peak Current 


TERMPWR = 0V, V REF = 0V 
Any signal line (L1-L9) at 2.85V 




23 




MA 


Output Clamp Level 


Iout = -30mA (Note 1) 


-0.15 





0.15 


V 


Current Sink Capability 


Vout = 3.2V (per line) 


7 


12 




mA 


Output Capacitance 
(ML Method) 


L1 thru L9, DISCNKT = 
2Vp.p 1 00kHz square wave 
applied biased at 1 V D.C. (Note 2) 






5 


pF 










7 




Output Capacitance 
(X3T9.2/855D method) 


L1 thru L9, DISCNKT = 
0.4Vp.p, 1 MHz square wave 
applied biased at 0.5V D.C. (Note 1) 


PF 


REGULATOR 


Regulator Output Voltage 


Sourcing 0-200mA 


2.8 


2.85 


2.9 


V 




Sinking 0-50mA (Note 1 ) 


2.8 


2.85 


2.95 


V 


Regulator Dropout Voltage 


L1-L9 = 0.2V, Vqut= 2.85V 




1.0 


1.2 


V 


Regulator Short Circuit Current 


Regulator output = 0V 




100 




mA 




Regulator output = 5V 




300 




mA 


Thermal Shutdown 






170 




°C 



Note 1 : Parameter guaranteed by characterization only. 

Note 2: Only one pin is checked in the production test environment. Otherwise parameter is guaranteed by characterization and correlation. 
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FUNCTIONAL DESCRIPTION 

The SCSI Terminator helps in decreasing the transmission 
line effects with precise termination. Termination is 
conventionally provided at the beginning and end of the 
SCSI bus, however when additional peripherals are added, 
the termination needs to be disabled from the current 
device and enabled on the last device on the bus. Existing 
termination schemes use a SIP (Single-ln-Line package) 
which is plugged into a socket on the PC board of the 
SCSI peripheral. To remove the termination, the user 
needs to pull the resistor SIP out of its socket. With the 
higher levels of system integration, this is no longer a 
simple task. With the increasing use of higher data rates 
and cable lengths in SCSI subsystems, the need for active 
termination is becoming necessary. Active termination 
also minimizes power dissipation and can be activated or 
deactivated under software control, thus eliminating the 
need for end user intervention. The V-l characteristics of 
popular SCSI termination schemes are shown in Figure 3. 
Theoretically the desired V-l characteristics are the Boulay 
type for signal assertion (high to low) and the Ideal type 
for signal negation. The ML6599 with its MOSFET based 
nonlinear termination element attempts to provide the 
most optimum V-l characteristics — optimized for both 
signal assertion and negation. 

The ML6599 provides active termination for nine signal 
lines, thus accommodating basic SCSI which requires 18 
lines to be terminated and wide SCSI which requires 27, 
36 or 45 lines to be terminated. The ML6599 integrates an 
accurate voltage reference (1 V dropout voltage) and nine 
MOSFET based termination lines. A single internal resistor 
is trimmed to tune the V-l characteristic of the MOSFETs as 
shown in figure 1 . The voltage reference circuit produces 
a precise 2.85V level and is capable of sourcing at least 
24mA into each of the nine terminating lines when low 
(active). When the signal line is negated (driver turns off), 
the terminator pulls the signal line to 2.85V (quiescent 
state). The regulator will source about 200mA and sink 
50mA while maintaining regulation of 2.85V typically. 



NORMAL TERMINATION MODE 
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The ML6599 S CSI Termin ator provides an active low 
control signal, DISC NKT whic h has an internal 200KQ 
pull-up resistor. The DISCNKT input when asserted low, 
isolates the ML6599 from the signal lines and effectively 
removes the terminator from the SCSI Bus with a 
disconnect mode current of less than 100uA In addition 
the ML6599 provides for negative clamping of signal 
transients and also supports current sink capability in 
excess of 10mA per signal line, to handle active negation 
driver overshoot above 2.85V a common occurrence with 
SCSI transceivers. These functions need to be handled 
with external components in SCSI subsystems today. Thus 
the ML6599 helps in eliminating a number of external 
components. 

Disconnect mode capacitance is a very critical parameter 
in SCSI systems. The ML6599 provides the lowest 
capacitance contribution of max 5pF and this is 
guaranteed by production test. 

HOT INSERTABILITY 

"Hot" insertion of a SCSI device refers to the act of 
plugging a SCSI device which is initially unpowered into a 
powered SCSI bus. The SCSI device subsequently draws 
power from the TERMPWR line during its startup routine 
and thereafter. "Hot" removal refers to the act of removing 
a powered SCSI device from a powered SCSI bus. A 
device which performs both tasks with no physical 
damage to itself or other devices on the bus, nor which 
alters the existing state of the bus by drawing excessive 
currents, is termed "Hot-swappable." 

The ML6599 Hot-lnsertable SCSI terminator typically 
draws 23jxA from any given output line (L1-L9) during a 
hot insertion/removal procedure, thereby protecting itself 
and preserving the state of the bus. The ML6599 design is 
a slight modification of the ML6509 Low-capacitance 
SCSI Terminator design. The low current is achieved by 
effectively shorting the gate to drain of the output PMOS 
device until the 2.85V reference (Vref) has powered up. A 
second PMOS in series with a Schottky diode is used as 
the shorting bypass device. After Vref reaches sufficient 
level, the bypass device is turned off and the part operates 
the same as the ML6509. The low-power mode option is 
not offered on the ML6599. 

As outlined in Annex G of the ANSI SCSI-3 Parallel 
Interface Specification (X3T9.2/855D), "The SCSI bus 
termination shall be external to the device being inserted 
or removed." In other words, any terminator connected to 
a device being hot inserted/remo ved should be inactive 
(accomplished by grounding the DISCNKT pin in the case 
of the ML6599). If the terminator being inserted/removed 
were in the active state, then at some point in time, the 
bus would be terminated by either 1 or 3 terminators. In 
either case, data integrity on the bus is compromised, 



22.4mA 30.0mA 

IL 3.00mA/div 

Figure 1 . Trimmed V-I Characteristic of the ML6599 
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Figure 2 gives an application diagram showing a typical 
SCSI bus configuration. To ensure proper operation, the 
TERMPWR pin must be connected to the SCSI 
TERMPOWER line. Each ML6599 requires parallel 0.1 uf 
and 10liF capacitors connected between Vref ar, d GND 
pins and the TERMPWR line needs a 10uJ bypass 
capacitor per SCSI system. 

Thus in an 8-bit wide SCSI bus arrangement ("A" Cable), 
two ML6599's would be needed at each end of the SCSI 
cable in order to terminate the 1 8 active signal lines. Thus 
1 6-bit wide SCSI would use three ML6599's, while 32-bit 
wide SCSI bus would require five ML6599's. 

In a typical SCSI subsystem, the open collector driver in 
the SCSI transceiver, when asserted, pulls low and when 
negated, the termination resistance serves as the pull-up. 
Also shown in Figure 2, is a typical cable response to a 
pulse. The receiving end of the cable will exhibit a single 
time delay. When negated, the initial step will reach an 
intermediate level defined as Vstep- With the higher SCSI 
data rates, sampling could occur during this step portion. 
In order to get the most noise margin, the step needs to be 
as high as possible to prevent false triggering. For this 
reason the regulator voltage and the resistor defining the 
MOSFETs characteristic is trimmed to ensure that the lo is 
as close as possible to the SCSI max current specification. 




Figure 3. V-1 Characteristics of Various 
SCSI Termination Schemes 



TERMPWR LINE 




I t D | t D 



LINE ASSERTED LINE NEGATED 



Figure 2. Application Diagram Showing Typical SCSI Bus Configuration with the ML6599 
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Vstep ' s defined as follows : 



Vstep = Vol+('oxZo) 

where 

Vql is the Driver output low voltage, 

Iq is current from receiving terminator 

Zq is characteristic impedance of cable. 

This is a very important characteristic that the terminator 
helps overcome by increasing the noise margin and 
boosting the step as high as possible. This capability for 
the ML6599 implementation is illustrated in the attached 
simulation graphs which show the terminator performance 
under different cable impedance situations and a 
comparison is shown with the standard Boulay terminator, 
under identical conditions. 

APPLICATION INFORMATION 

ML6599 EVALUATION BOARD 

Shown below is the schematic, board component layout, 
and parts list of the ML6599 SCSI Terminator evaluation 
board. Actually the ML6509 evaluation board is used for 
evaluating the ML6599 also. This evaluation board 
provides termination for 18 lines of SCSI signals and can 
be connected as the last device on a standard SCSI Bus 
system. The SCSI Bus signals can then be monitored to see 



the impact of the ML6599 Active SCSI Terminator in 
minimizing the transmission line effects. In addition the 
disconnect mode can be evaluated with respect to power 
dissipation and output capacitance. 

ML6599 EVAL BOARD PARTS LIST 



PART# 


DESCRIPTION 


IC1,IC2 


ML6599 Active SCSI Terminator 


C1 


10uJ, 6V Tantalum Chip Capacitor 
( Philips 49MC106C006K0ASFT) 


C2, C3 


10uf, 4V Tantalum Chip Capacitor 
( Philips 49MC106C004K0ASFT) 


C4,C5 


O.ljxF Ceramic Chip Capacitor 
( Philips C104K1206XFNT) 


SW1 


Two Position DIP Switch ( C&K BD02 ) 


J1 


50-pin SCSI Header Connector 
(AMP 1-10331 1-0) 



TRANSIENT RESPONSE (ACTUAL) 

(Approximately 110Q, 10 feet long, ribbon cable stock) 
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V1(2) = 796.9mV 



V2(2) = 2.0V 



AV(2) = 1.203V 
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TYPICAL APPLICATION CIRCUIT 




#8 



oj oj q oj oj oj oj oj o 10 o o 10 o o o I o o 10 1 o 10 10 10 ip[o 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML6599CS 
ML6599CT 


0°C to +70°C 
0°C to +70°C 


1 6-pin SOIC(S16W) 
20-pin TSSOP (T20) 
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Power Management and Control 



Section 7 



Selection Guide 7-1 

Battery Power Supply ICs 

ML4761 Adjustable Output Low Voltage Boost Regulator 7-1 2 

ML4851 Low Current, Low Voltage Boost Regulator 7-200 

ML4861 Low Voltage Boost Regulator 7-202 

ML4861 EVAL Low Voltage Boost Regulator Evaluation Kit 7-21 3 

ML4862 Battery Power Controller IC 7-214 

ML4862EVAL Battery Power Controller Evaluation Kit 7-224 

ML4863 High Efficiency Battery Pack Converter 7-225 

ML4865 High Voltage, High Current Boost Regulator 7-241 

ML4866 3.3V Output DC-DC Step-Down Converter 7-243 

ML4868 High Frequency, Low Voltage Boost Regulator 7-244 

ML4871 High Current Boost Regulator 7-252 

ML4872 High Current Boost Regulator with Shutdown 7-254 

ML4873 Battery Power Control IC 7-256 

ML4873EVAL Battery Management IC Evaluation Kit 7-266 

ML4875 Low Voltage Boost Regulator with Shutdown 7-277 

ML4880 Portable PC and PCMCIA Power Controller 7-295 

ML4890 High Efficiency, Low Ripple Boost Regulator 7-297 

ML4890EVAL Low Ripple Boost Regulator Evaluation Kit 7-299 

ML4961 Adjustable Output Low Voltage Boost Regulator with Detect 7-300 

Power Factor Controllers 

ML481 2 Power Factor Controller 7-39 

ML481 2EVAL Power Factor Controller Evaluation Kit 7-53 

ML481 3 Flyback Power Factor Controller 7-54 

ML481 9 Power Factor and PWM Controller "Combo" 7-1 1 3 

ML4821 Power Factor Controller 7-127 

ML4821 EVAL Average Current PFC Controller Evaluation Kit 7-1 35 

ML4824 Power Factor and PWM Combo 7-143 
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High Frequency PWM Controllers 

ML1825 High Frequency Power Supply Controller 7-5 

ML4809 High Frequency Current Mode PWM Controller 7-20 

ML4810 High Frequency Current Mode PWM Controller 7-31 

ML4811 High Frequency Current Mode PWM Controller 7-31 

ML481 7 High Frequency Single Ended PWM Controller 7-93 

ML4823 High Frequency Current Mode PWM Controller 7-1 36 

ML4825 High Frequency Current Mode PWM Controller 7-1 53 

ML4826 Power Factor and Dual PWM Combo 7-1 60 

ML4828 BiCMOS Phase Modulation/Soft Switching Controller 7-1 65 

Resonant and Phase Modulation Controllers 

ML481 5 Zero Voltage Switching Resonant Controller 7-66 

ML481 6 High Frequency Multi-Mode Resonant Controller 7-79 

ML481 8 Phase Modulation/Soft Switching Controller 7-1 01 

ML481 8EVAL Phase Modulation Controller Evaluation Kit 7-1 1 2 

LCD Backlight Lamp Controllers 

ML4864 LCD Backlight Lamp Driver with Contrast 7-232 

ML4864EVAL LCD Backlight with Contrast Evaluation Kit 7-240 

ML4874 LCD Backlight Lamp Driver 7-268 

ML4874EVAL Differential Drive LCD Backlight Evaluation Kit 7-276 

ML4876 LCD Backlight Lamp Driver with Contrast 7-287 

ML4876EVAL Differential Drive LCD Backlight with Contrast Evaluation Kit 7-294 

Electronic Ballast Control 

ML4830 Electronic Ballast Controller 7-1 73 

ML4831 120VAC Dimmable Electronic Ballast 7-186 

ML4831EVAL 120VAC Dimmable Electronic Ballast Evaluation Kit 7-199 
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Selection Guide 



High Frequency 


PWM Controllers 












Part 
Number 


Reference 
Accuracy 


Max OSC 
Frequency 


Output 
Driver 


Output 
Current 


Soft 
Start 


uv 

Lockout 


Cycle-by-Cycle 
•limit 


Sync 
Input 


Package Type 


ML4809 


±2% 


1 MHz 


Push 
Pull 


2A Peak 


/ 


/ 


/ 


/ 


24-Pin DIP 
28-Pin PLCC 


ML4810 


±2% 


1 MHz 


Push 
Pull 


2A Peak 


/ 


/ 


/ 




16-Pin DIP 


ML4811 


±2% 


1 MHz 


Push 
Pull 


2A Peak 


/ 


/ 


/ 


/ 


20-Pin DIP 
20-Pin PLCC 


ML481 7 


±2% 


1 MHz 


Single 
Ended 


2A Peak 


/ 


/ 


/ 




16-Pin DIP 
1 6-Pin SOIC 


ML4823 


±1% 


1 MHz 


Single 
Ended 


2A Peak 


/ 


/ 


/ 




16-Pin DIP/SOIC 
20-Pin PLCC 


ML4825 


±2% 


1 MHz 


Push 
Pull 


2A Peak 


/ 


/ 


/ 




16-Pin DIP/SOIC 
20-Pin PLCC 



Power Factor Controllers 



Part 
Number 


Reference 
Accuracy 


PFC 
Topology 


Power 
Factor 


Power 
Range 


Output 
Voltage 


Output 
Current 


Soft 
Start 


OV 
Protection 


UV 
Lockout 


Feed 
Forward 


V|N 

Brownout 
Protection 


Package 
Type 


ML4812 


±1% 


Peak 

Current 

Boost 


0.99 


>50W 


VOUT > V IN 


1A 
Peak 


/ 


/ 


/ 


/ 




16-Pin DIP 
20-Pin PLCC 


ML481 3 


±1% 


Flyback 


0.99 


<250W 


VOUT 

Independent 
ofV, N 


1A 
Peak 


/ 


/ 


/ 


/ 




16-Pin DIP 
16-Pin SOIC 


ML4821 


±2% 


Average 

Current 

Boost 


0.99 


>500W 


VOUT > V IN 


1A 
Peak 


/ 


/ 


/ 


/ 


/ 


18-Pin DIP 
20-Pin SOIC 
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Resonant and Phase Modulation Controllers 



Part 
Number 


Reference 
Accuracy 


MaxOSC 
Frequency 


Output 
Driver 


Output 
Current 


Soft 
Start 


UV 
Lockout 


Feed 
Forward 


Package Type 


ML4815 


±2% 


2 MHz 


Single 
Ended 


2A Peak 


/ 


/ 


/ 


16-Pin DIP 
20-Pin PLCC 


ML4816 


±2% 


2.5 MHz 


Push 
Pull 


1.5APeak 


/ 


/ 


/ 


20-Pin DIP 
20-Pin SOIC 


ML4818 


±1% 


500 kHz 


Push 
Pull 


1 .5A Peak 


/ 


/ 


/ 


20-Pin DIP 
20-Pin SOIC 


ML4828 


±1% 


1 MHz 


Push 
Pull 


500mA Peak 


/ 


/ 


S 


20-Pin DIP 
20-Pin SOIC 



PFC/PWM Combo Controllers 



Part 
Number 


Reference 
Accuracy 


Maximum 
PFC/PWM 
Frequency 


PFC 
Topology 


PWM 
Output 
Driver 


PWM 
Output 
Current 


Soft 
Start 


UV 
Lockout 


Current 
Limit 


Feed 
Forward 


Brownout 
Protection 


Package 
Type 


ML4819 


±1% 


PFC-500 kHz 
PWM-500 kHz 


Peak 

Current 

Boost 


Single 
Ended 


1A 
Peak 




/ 


/ 






20-Pin DIP 
20-Pin SOIC 


ML4824-1 


±1.5% 


PFC-500 kHz 
PWM-500 kHz 


Average 

Current 

Boost 


Single 
Ended 


0.5A 
Peak 


/ 


/ 


/ 


/ 


/ 


16-Pin DIP 
16-Pin SOIC-W 


ML4824-2 


±1.5% 


PFC-250 kHz 
PWM-500 kHz 


Average 

Current 

Boost 


Single 
Ended 


0.5A 
Peak 


/ 


/ 


/ 


/ 


/ 


16-Pin DIP 
16-Pin SOIC-W 


ML4826-1 


±1.5% 


PFC-500 kHz 
PWM-500 kHz 


Average 

Current 

Boost 


Push 
Pull 


0.5A 
Peak 


/ 


/ 


/ 


/ 


/ 


20-Pin DIP 
20-Pin SOIC 


ML4826-2 


±1.5% 


PFC-250 kHz 
PWM-500 kHz 


Average 

Current 

Boost 


Push 
Pull 


0.5A 
Peak 


/ 


/ 


/ 


/ 


/ 


20-Pin DIP 
20-Pin SOIC 
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Battery and Distributed Power Conversion Products 



Step-Up 




















Part 
Number 


Maximum 
Output 
Current 

(mA) 


Conversion 
Efficiency 

(%) 


Quiescent 
Current 

(MA) 


Input 
Voltage 
Range 

(V) 


Output 
Voltage 

(V) 


Total 
Regulation 

(%) 


Package Type 


Architecture 


Features 


ML4761 


500 


90 


70 


1 to 
VouT-0-2 


2.5 to 6 


3 


8-Pin SOIC 


PFM 


Adjustable Output 


ML4851 


250 


90 


80 


1 to 
VouT-0-2 


5,3.3 


3 


8-Pin SOIC 


PFM 


Low Battery Detect 


ML4861 


500 


90 


70 


1 to 
VouT-0-2 


6, 5, 3.3 


3 


8-Pin SOIC 


PFM 


Low Battery Detect 


ML4865 


300 


90 


50 


1.8 to 
VouT-0-2 


12,15 


3 


8-Pin SOIC 


PFM 


Shutdown to Ground, 
Low Battery Detect 


ML4868 


500 


90 


70 


1 to 
Vout-0.2 


5,3.3 


3 


8-Pin SOIC 


PFM 


Low Battery Detect 


ML4871 


750 


90 


30 


1.8 to 
Vout-0.2 


5,3.3 


3 


8-Pin SOIC 


PFM 


Low Battery Detect 


ML4872 


750 


90 


30 


1.8 to 
Vout-0.2 


5,3.3 


3 


8-Pin SOIC 


PFM 


Shutdown 


ML4875 


300 


90 


80 


1 to 
VouT-0-2 


5, 3.3, 3 


3 


8-Pin SOIC 


PFM 


Shutdown to Ground, 
Low Battery Detect 


ML4890 


100 


85 


180 


1 to 6.5 


5, 3.3, 3 


3 


8-Pin SOIC 


PFM/LDO 


<5mV Output Ripple, 
Shutdown to Ground 


ML4961 


500 


90 


70 


1 to 
VoUT-0-2 


2.5 to 6 


3 


8-Pin SOIC 


PFM 


Adjustable Output, 
Low Battery Detect 



Step-Down: 



ML4866 1A 



90 



350 3.5 to 6.5 3.3 



8-Pin SOIC 



PWM 



Burst Mode 



Flyback (Step-Up/Down): 
















ML4863 


Controller 


85 


125 


3.15 to 15 


5 or 
Multiple 


3 


8-Pin SOIC 


PFM 


Shutdown to Ground, 
Multiple Outputs via 
Transformer 


ML4890 


100 


85 


180 


1 to 6.5 


5, 3.3, 3 


3 


8-Pin SOIC 


PFM/LDO 


<5mV Output Ripple, 
Shutdown to Ground 
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Multiple Output Switching Regulator Controllers 



Part 
Number 


Oi 
A 


itput Volta 
B 


C 


Quiescent 
Current 

Full No 
Load Load 


Architecture 
ABC 


Shut- 
down 


Package 


Input 
Voltage 

(V) 


Power 

Management 

FET 

Drivers 


Conversion 
Efficiency 

(%) 


ML4862 


2.5V to 
Vin-1 


2.5V to 
V, N -1 


12V 


10mA 


130uA* 


PWM 


PWM 


Linear 


Yes 


32-Pin 
SOIC 


5.5 to 
24 


4 


93 


ML4863 


5.0V 


Fixed by 
turns 
ratio 


Fixed by 
turns 
ratio 


3mA 


100nA 


Flyback 
PFM 


Flyback 
PFM 


Flyback 
PFM 


Yes 


8-Pin 
SOIC 


3.15 to 
15 





85 


ML4873 


2.5V to 
V, N -1 


2.5V to 
V, N -1 


12V 


10mA 


130nA* 


PWM 


PWM 


Linear 


Yes 


28-Pin 
SOIC 


5.5 to 
30 


1 


93 


ML4880 


3.0 to 
3.5V 


4.0 to 
5.0V 


2.5V to 
18V 


30mA 


300pA* 


PFM 


PFM 


PFM 


Yes 


24-Pin 
SOIC 


5.5 to 
18 





90 



*AII outputs shut down. 



LCD Backlight Lamp Controllers 



Part Number 


Function 


Key Features 


Package Options 


ML4864 


LCD Backlight Lamp Driver with Contrast 


Dimming, 95% efficiency Positive or 
Negative Contrast 


SSOP-20 


ML4874 


LCD Backlight Lamp Driver 


Differential Drive, Dimming, 95% efficiency 


SOIC-16 
SSOP-20 


ML4876 


LCD Backlight Lamp Driver with Contrast 


Differential Drive, Dimming, 95% efficiency 
Positive or Negative Contrast 


SSOP-20 
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ML1825 



High Frequency Power Supply Controller 



GENERAL DESCRIPTION 

The ML1825 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low 



The ML1825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is a pin for pin replacement for the 
UC1825 controller. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Pin Compatible Replacement for UC1825 



BLOCK DIAGRAM 
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PIN CONNECTION 



ML1825 
16-Pin DIP 




PIN DESCRIPTION 



PIN # 



NAME 



FUNCTION 



1 INV Inverting input to error amp. 

2 Nl Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and 

input to main comparator. 

4 CLOCK Oscillator output. 

5 R(T) Timing Resistor for Oscillator — 

sets charging current for oscillator 
timing capacitor (pin 6). 

6 C(T) Timing Capacitor for Oscillator. 

7 RAMP Non-Inverting input to main 

comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

8 SOFT START Normally connected to Soft Start 

Capacitor. 



PIN # 



NAME 



FUNCTION 



l(LIM)/S.D. Current limit sense pin. Normally 
connected to current sense 
resistor. 



10 


GND 


Analog Signal Ground. 


11 


OUT A 


High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 


12 


PWR GND 


Return for the High Current 
Totem pole outputs. 


13 


V C 


Positive Supply for the High 
Current Totem pole outputs. 


14 


OUT B 


High Current Totem pole output. 


15 


Vcc 


Positive Supply for the IC. 


16 


5.1V REF 


Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 15, 13) 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC 0.5A 

Pulse (0.5yus) 2.0A 

Analog Inputs 

(Pins 1, 2, 7) -0.3V to 7V 

(Pins 9, 8) -0.3V to 6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 8) 20mA 

Oscillator Charging Current (Pin 5) -5mA 

Junction Temperature 

ML4825M 150°C 

ML4825I, ML4825C 125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (8^) 
Ceramic DIP 65°C/W 



OPERATING CONDITIONS 

Temperature Range 

ML1825M -55°C to +125°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KQ, Or = 1000pF, T^ = Operating Temperature Range, Vcc = 15V 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C, (note 1) 


360 


400 


440 


KHz 


Voltage Stability 


10V<V CC <30V, (notel) 




0.2 


2 


% 


Temperature Stability 


(note 1) 




5 




% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(note 1) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1) 


1.6 


1.8 


2.0 


V 


Reference Section 


Output Voltage 


Tj = 25°C, l = 1mA 


5.05 


5.10 


5.15 


V 


Line Regulation 


10V < V cc < 30V 




2 


20 


mV 


Load Regulation 


1mA < l < 10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 150°C, (note 1) 




.2 


.4 


% 


Total Variation 


line, load, temp (note 1) 


5.0 




5.20 


V 


Output Noise Voltage 


10Hz to 10KHz 




50 




//V 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 








10 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


UA 


Open Loop Gain 


1 < V < 4V 


60 


95 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, R T = 3.65KQ, Cj = 1000pF, T A = Operating Temperature Range, V C c = 15V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


CMRR 


1.5 < V CM < 5.5V 


75 


95 




dB 


PSRR 


10 < V cc < 30V 


85 


110 




dB 


Output Sink Current 


V PIN 3 = 1V 


1 


2.5 




mA 


Output Source Current 


V P ,N 3 = 4V 


-.5 


-1.3 




mA 


Output High Voltage 


l PIN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpi N 3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




Vf/js 


PWM Comparator Section 


Pin 7 Bias Current 


V P ,N 7 - 0V 




-1 


-5 


M 


Duty Cycle Range 









80 


% 


Pin 3 Zero DC Threshold 


Vp,n 7 - 0V 


1.1 


1.25 




V 


Delay to Output 


(note 1) 




50 


80 


ns 


Soft-Start Section 


Charge Current 


V PIN 8 - 0.5V 


3 


9 


20 


H* 


Discharge Current 


V p ,n 8 = 1V 


1 






mA 


Current Limit/ Shutdown Section 


Pin 9 Bias Current 


0V < V PIN 9 < 4V 






+15 


M 


Current Limit Threshold 




.9 


1 


1.1 


V 


Shutdown Threshold 




1.25 


1.4 


1.55 


V 


Delay to Output 


(note 1) 




50 


80 


ns 


Output Section 


Output Low Level 


Iout = 20mA 




.25 


.4 


V 


Iqut = 200mA 




1.2 


2.2 


V 


Output High Level 


Iout = -20mA 


13.0 


13.5 




V 


Iout = -200mA 


12.0 


13.0 




V 


Collector Leakage 


V c = 30V 




100 


500 


//A 


Rise/Fall Time 


C L = 1000pF, (note 1) 




30 


60 


ns 


Under-Voltage Lockout Section 


Start Threshold 




8.8 


9.2 


9.6 


V 


UVLO Hysteresis 




.4 


.8 


1.2 


V 


Supply Current 


Start Up Current 


V cc = 8V 




1.1 


2.5 


mA 


■cc 


Vpin 1, 7, 9 = 0V, Vp, N 2 = 1V, 




22 


33 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML1825 oscillator charges the external capacitor 
(Cj) with a current (I$et) equal to 3/Rset- When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T osc = Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/I S ET 
and: T DEADT | ME = C (Ramp Valley to Peak)/^ 
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Figure 3. Oscillator Deadtime vs Frequency 
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Figure 1. Oscillator Block Diagram 
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Figure 4. Oscillator Deadtime vs C(T) (3KQ < R(T) < 100KO) 

ERROR AMPLIFIER 

The ML1825 error amplifier is a 5.5MHz bandwidth 
12V//is slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 2. Oscillator Timing Resistance vs Frequency 



Figure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The ML1825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 7. Simplified Schematic 



m 



i" 



'a 

o L / I 



v 



h*. 



0.2 

Il(A) 



40 80 120 160 200 
TIME (ns) 



Figure 9. Rise/Fall Time (Q - 1000pF) 
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Figure 10. Rise/Fall Time (C L - 10,000pF) 
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Figure 11. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML1825 employs two current limits. When the 
voltage at pin 9 exceeds 1V, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned off, a soft start cycle is initiated and the soft start 
capacitor (pin 8) is discharged. The duty cycle on start 
up is limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 



Figure 8. Saturation Curves 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML1825MJ 


-55°C to +125°C 


Hermetic DIP (J16) 
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Adjustable Output Low Voltage Boost Regulator 



GENERAL DESCRIPTION 

The ML4761 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4761 ideal for 1 cell 
applications. The ML4761 is capable of start-up with input 
voltages as low as 1 V, and the output voltage can be set 
anywhere between 2.5V and 6V by an external resistor 
divider connected to the SENSE pin. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4761 requires a minimum number of 
external components to build a very small adjustable 
regulator circuit capable of achieving conversion 
efficiencies in excess of 90%. 



The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage (UVLO). 



FEATURES 

■ Guaranteed full load start-up and operation at 1 V input 

■ Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

■ Minimum external components 

■ Low ON resistance internal switching FETs 

■ Micropower operation 

■ Adjustable output voltage (2.5V to 6V) 



BLOCK DIAGRAM 



"X - 

ICIN* 



V|N 



m- 



i V L 



I I [y l uvio 



-& 
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PIN CONNECTION 



ML4761 
8-Pin SOIC (S08) 



VlNfT" 1 

Vref l~T~ 2 

cnd r~r~ 3 

SENSE f""T~ 4 



PWR CND 
7 [~T~I RESET 

6 in v L 

5 HZI VOUT 



PIN DESCRIPTION 


PIN 

NO. NAME 


FUNCTION 


PIN 
NO. 


NAME 


FUNCTION 


1 v, N 

2 V REF 


Battery input voltage 

200mV reference output 

Analog signal ground 

Programming pin for setting the 
output voltage 


5 
6 

7 

8 


VoUT 


Boost regulator output 
Boost inductor connection 


3 GND 

4 SENSE 


RESET Output goes low when regulation 
cannot be achieved 

PWR GND Return for the NMOS output 



transistor. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin 7V 

Peak Switch Current, I(peak) 2A 

Average Switch Current, I(avg) 500mA 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (8 JA ) 110°CAV 



OPERATING CONDITIONS 

Temperature Range 

ML4761CS 0°Cto+70°C 

ML4761 ES -20°C to +70°C 

ML4761 IS -40°C to +85°C 

V||m Operating Range 

ML4761CS 1 .0V to Vqut -0.2V 

ML4761ES, ML4761IS 1.1 Vto V O ut-0.2V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, V tN = Operating Voltage Range, T/\= Operating Temperature 


Range 






PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


Supply 


V|n Current 


V|N = V O UT-0.2V 




45 


55 


uA 


Vout Quiescent Current 






3 


5 


uA 


V|_ Quiescent Current 








1 


uA 


Reference 


Output Voltage (V REF ) 


< l P | N2 < -5uA 


194 


200 


206 


mV 


PFM Regulator 


Pulse Width (Tqn) 




9 


10 


11 


JXS 


SENSE Comparator 
Threshold Voltage (V$ense) 




190 


200 


210 


mV 


Load Regulation 


See Figure 1 

V, N = 1 .2V, l UT * 25mA 

V| N = 2.4V, Iqut^ 135mA 


4.85 
4.85 


5.0 
5.0 


5.15 
5.15 


V 
V 


Undervoltage Lockout Threshold 






0.85 


0.95 


V 


RESET Comparator 


RESET Output High Voltage (V h) 


I O h=-100jiA 


Vqut-0.2 






V 


RESET Output Low Voltage (Vol) 


Iql = 1 0OuA 






0.2 


V 
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Figure 1 . Application Test Circuit. 
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Figure 2. PFM Regulator Block Diagram. 
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FUNCTIONAL DESCRIPTION 

The ML4761 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and external 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when Vqut ' s at or above the 
desired output voltage, drawing 45uA from Vj N , and 8liA 
from Vqut through the feedback resistors R1 and R2. 
When Vqut drops below the desired output level, the 
output of amplifier A1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A1 set signal 
and creates a pulse at the gate of the NMOS transistor Q1 . 
The NMOS transistor will charge the inductor L1 for 10jxs, 
resulting in a peak current given by: 



'L(PEAK) ■ 



_ T ON xV IN r . 1Q l* sxV IN 



(D 



For reliable operation, L1 should be chosen so that Il(peak) 
does not exceed 2A. 

When the one-shot times out, the NMOS FET releases the 
Vl pin, allowing the inductor to fly-back and momentarily 
charge the output through the body diode of PMOS 
transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the flip- 
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If Vqut ' s st '" ' ow / tne flip-flop will immediately 
initiate another pulse. The output capacitor (C1) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 



RESET COMPARATOR 

An additional comparator is provided to detect low V|n. 
The inverting input of the comparator is internally 
connected to Vref, while the non-inverting input is 
connected to the underv oltage lockout circuit. The output 
of the comparator is the RESET pin, which swings from 
Vqut to GND when an undervoltage condition is 
detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too low a 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 



. V IN(MIN) X T QN(MIN) X ^ 
2 x V OUT x 'OUT(MAX) 



(2) 



where ^ is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. Interpolation 
between the different curves will give a reasonable 
starting point for an inductor value. 




Q(ONE SHOT) 



Figure 3. PFM Inductor Current Waveforms and Timing. 
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Figure 4. Output Current vs. Input Voltage. 
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Figure 5. Typical Efficiency as a Function of V|n. 



Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to 10|iH, the 
efficiency drops to between 70% and 75%. With 56JJ.H, 
the efficiency exceeds 90% and there is little room for 
improvement. At values greater than 1 0OjiH, the operation 
of the synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 



, _ T ON(MAX) x V IN(MAX) 

l(PEAK) ~ , 

L MIN 



When comparing various inductors, it is important to keep 
in mind that suppliers use different criteria to determine 
their ratings. Many use a conservative current level, where 
inductance has dropped to 90% of its normal level. In any 
case, it is a good idea to try inductors of various current 
ratings with the ML4761 to determine which inductor is 
the best choice. Check efficiency and maximum output 
current, and if a current probe is available, look at the 
inductor current to see if it looks like the waveform shown 
in Figure 3. For additional information, see Application 
Note 29. 

Suitable inductors can be purchased from the following 
suppliers: 



(3) 



Coilcraft 
Coiltronics 
Dale 
Sumida 



(708) 639-6400 
(407)241-7876 
(605) 665-9301 
(708) 956-0666 
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OUTPUT CAPACITOR 

The choice of output capacitor is also important as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 



AV r 



out ■ 



T 2 2 

'ON XV IN 



2xLxCx(V OUT -V |N ) 



(4) 



For a 2.4V input, and 5V output, a 27jiH inductor, and a 
47fxF capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
l-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 1 00u.F, an ESR 
of less than 0.1 £1, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 

Matsuo (714)969-2491 

Sprague (603)224-1961 

If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 

INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 47uf and 100uf. This provides 
the benefits of preventing input ripple from affecting the 
ML4761 control circuitry, and it also improves efficiency 
by reducing l-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 



SETTING THE OUTPUT VOLTAGE 

The adjustable output can be set to any voltage between 
2.5V and 6V by connecting a resistor divider to the 
SENSE pin as shown in the block diagram. The resistor 
values Ri and R 2 can be calculated using the following 
equation: 



v OUT 



= 0.2x- 



( RtH-R 2 ) 



(5) 



The value of R 2 should be 40kQ or less to minimize bias 
current errors. R-\ is then found by rearranging the 
equation: 



= R 9 x 



IQUT . 
0.2 



(6) 



It is important to note that the accuracy of these resistors 
directly affects the accuracy of the output voltage. The 
SENSE pin threshold variation is ±3%, and the tolerances 
of Ri and R 2 will add to this to determine the total output 
variation. 

REFERENCE CAPACITOR 

Under some circumstances input ripple cannot be 
reduced effectively. This occurs primarily in applications 
where inductor currents are high, causing excess output 
ripple due to "pulse grouping", where the charge- 
discharge pulses are not evenly spaced in time. In such 
cases it may be necessary to decouple the reference pin 
(Vref) with a small 10nF to 100nF ceramic capacitor. This 
is particularly true if the ripple voltage at V|n is greater 
than 100mV. 

In some applications, input noise may cause output ripple 
to become excessive due to "pulse grouping", where the 
charge-discharge pulses are not evenly spaced in time. In 
such cases it may be necessary to add a small 20pF to 
1 0OpF ceramic feedforward capacitor (Cff) from the V| N 
pin to the SENSE pin. 

LAYOUT 

Good PC board layout practices will ensure the proper 
operation of the ML4761 . Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4761 

• Use short trace lengths from the inductor to the V L pin 
and from the output capacitor to the Vout P' n 

• Use a single point ground for the ML4761 ground pins, 
and the input and output capacitors 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4761CS 


0°C to +70°C 


8-Pin SOIC (S08) 


ML4761 ES 


-20°C to +70°C 


8-Pin SOIC (S08) 


ML4761 IS 


-40°C to +85 °C 


8-Pin SOIC (S08) 
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High Frequency PWM Controller 



GENERAL DESCRIPTION 

The ML4809 High Frequency PWM Controller is a full- 
featured IC controller optimized for use in Switch Mode 
Power Supply designs running at frequencies to 1MHz. 
Propagation delays are minimized while slew rate and 
bandwidth are maximized for reliable high frequency 
operation. This controller is designed to work in either 
voltage or current mode and provides for input voltage 
feed forward. 

A 1 .1 V threshold current limit comparator provides cycle- 
by-cycle current limit while exceeding a 1 .5V threshold 
initiates a soft-start cycle. The soft start pin doubles as a 
maximum duty cycle clamp. All logic is fully latched to 
provide jitter-free operation and prohibit multiple pulsing. 
An under-voltage lockout circuit with 7V of hysteresis 
assures low startup current and drives the outputs low. 

The ML4809 is fabricated on a 40V bipolar process from 
the FB3480 Power Supply Controller Array. Customized 
versions of this controller are easily implemented. This 
controller is similar to the UC1 825 controller, however the 
ML4809 includes many features not found on the 1825. 
These features are set in Italics. 



FEATURES 

■ Practical operation at switching frequencies to 1 .0MHz 

■ High current (2A peak) dual totem pole outputs 

■ Wide bandwidth error amplifier 

■ Fully latched logic with double pulse suppression 

■ Pulse-by-pulse current limiting 

■ Soft start and max. duty cycle control 

■ 5.1 V ±2% trimmed bandgap reference 

■ Under voltage lockout: 16V start with 7V hysteresis 

■ Programmable ramp compensation circuit 

■ VCO input for synchronization or frequency control 
m External clock input for synchronization 

■ Toggle preset for synchronization 

m Comparator blanker for better noise immunity/stability 

m Separate error amplifier output pin for loop filtering 
versatility 

■ Fast shut down path from current limit to outputs 

■ Outputs preset to known condition after under voltage 
lockout 

■ Soft start latch ensures full soft start cycle 
m Programmable soft start delay 



BLOCK DIAGRAM 
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PIN CONFIGURATION 

ML4S09 
24-Pin DIP (P24N) 



INV \2 




KJ 


24 


3 PRESET TOGGLE 


NIC 


2 




23 


3 RAMPCOMP 


E/AOUT Q 


3 




22 


3 5.1V REF 


CMP IN C 






21 


3 Vcc 


V(VCO) \2 






20 


3 OUTB 


CLOCK IN \2 


6 




19 


3 POWER V C 


CLOCK OUT [[ 






18 


] PWRGND 


R(T) C 


8 




17 


3 OUT A 


C(T) £ 


9 




16 


3 SIGNAL GND 


RAMP £ 


10 




15 


^ l(LIM)/S.D. 


SOFT START £ 


11 




14 


^ RC (BLANK) 


RESET DELAY £ 


12 




13 


3 Q-FF 



ML4809 
28-Pin PCC (Q28) 



CMP IN [ 5 

V(VCO) C 6 

CLOCK IN Q 7 

CLOCK OUT Q 8 

NC [9 
R(T) [ 10 
C(T) [ n 



I — I I — i I — I I — i I — I l — I 



1 28 27 26 



i m 1 1 * 

t fc S 3 



25 H Vcc 

24 U OUT B 

23 3 POWER Vc 

22 H POWER GND 

21 3 OUT A 

20 I] NC 

19 U SIGNAL GND 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



PIN# NAME 



FUNCTION 



1 INV 

2 Nl 

3 E/A OUT 

4 CMP IN 

5 V(VCO) 



6 CLOCK IN 

7 CLOCK OUT 

8 R(T) 

9 C(T) 

10 RAMP 

11 SOFT START 

12 RESET DELAY 



Inverting Input to error amp. 

Non-invertlng input to error amp. 

Output of error amplifier. 

Main comparator input. 

A control voltage input which sets 
the VCO frequency. May be tied to 
5.1 V REF (22) for fixed frequency 
operation. 

A "1" level blanks the outputs and 
prepares the chip for the next cycle 
by toggling the T flip flop. 

Oscillator output. This is an emitter 
follower output. 

Timing resistor for oscillator — sets 
charging current for oscillator timing 
capacitor (pin 9). 

Timing capacitor for oscillator. 

Non-inverting input to main 
comparator. Connected to C(T) for 
voltage mode operation or to current 
sense resistor for current mode. 

Normally connected to soft start 
capacitor. 

Connect to capacitor for time delay 
before new soft-start cycle begins 
after 1 .4V current limit is reached. 



1 3 Q-FF An emitter follower output which is 

high for B active. 

1 4 RC (BLANK) Connect resistor and capacitor to 

ground for blanker function. 

15 l(LIM)/S.D. Current limit sense pin. Normally 

connected to sense resistor. 

16 GND Analog signal ground. 

1 7 OUT A High current totem pole output. This 

output is the first one energized after 
power on reset. 

1 8 PWR GND Return for the high current totem 

pole outputs. 

19 POWER Vc Positive supply for the high current 

totem pole outputs. 

20 OUT B High current totem pole output. 

21 Vcc Positive supply for the IC. 

22 5.1V REF Buffered output for the 5.1 V voltage 

reference. 

23 RAMP COMP Connect resistor to GND for ramp 

compensation. 

24 PRESET Presets the toggle flip-flop. Tie to GND 
TOGGLE to disable. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 21,19) 36V 

Output Current, Source or Sink (Pins 1 7, 20) 

DC 0.5A 

Pulse (0.5ns) 2.0A 

Input Voltage 

(Pins 1, 2, 4, 5, 10) -03V to 7V 

(Pins 8, 9, 1 1 , 1 2, 1 5, 24) -0.3V to 6V 

Logic Output Current (Pins 7, 1 3) -5mA 

Blanker Charge Current (Pin 14) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 1 1 ) 20mA 

Oscillator Charging Current (Pin 8) -5mA 

Junction Temperature 

ML4809M 150°C 

ML4809I, ML4809C ....125°C 



Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (8ja) 

Plastic DIP 50°C/W 

Ceramic DIP 55°C/W 

Plastic Chip Carrier (PCC) 55°C/W 



OPERATING CONDITIONS 

Temperature Range 

ML4809C 0°C to +70°C 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratings only and 
functional device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R T = 6.2KQ, C T = 1000pF, V(VCO) = 
Ta = Operating Temperature Range, V^c = 1 5V. (Note 3) 



V REF , R L (Pins 7,13) = 5KQ, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C, (notel) 


380 


430 


470 


KHz 


Voltage Stability 


1 0V < V cc < 30V, (note 1) 




0.2 


4 


% 


Temperature Stability 


(note 1 ) 




5 




% 


Total Variation 


line, temp, (note 1) 


370 


430 


490 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(note 1 ) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1 ) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1 ) 


1.6 


1.8 


2.0 


V 


V(VCO) Control Range 




1 




5.5 


V 


Reference Section 


Output Voltage 


Tj = 25°C, l = 1 mA 


5.00 


5.10 


5.20 


V 


Line Regulation 


10V<V CC <30V 




2 


20 


mV 


Load Regulation 


1 mA < l < 1 0mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 1 50°C, (notel) 




0.2 


0.4 


% 


Total Variation 


line, load, temp, (note 1) 


4.95 




5.25 


V 


Output Noise Voltage 


10Hzto10KHz 




50 




uV 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V,T a >0°C 


-15 


-50 


-100 


mA 




T A <0°C 


-15 


-50 


-120 


mA 


Under-Voltage Lockout Section 


Start Threshold 




15 


16 


17 


V 


UVLO Hysteresis 




6.0 


7 


8.0 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section 


Input Offset Voltage 


T A = 25°C 






±15 


mV 










±20 


mV 


Input Bias Current 






0.6 


3 


uA 


Input Offset Current 






0.1 


1 


uA 


Open Loop Gain 


1 < V < 4V 


60 


96 




dB 


CMRR 


1.5 <V CM < 5.5V, T A *0°C 


75 


95 




dB 




1.5 <V CM < 5.5V, T A <0°C 


65 


95 




dB 


PSRR 


10<V C c<30V,T A >0°C 


80 


110 




dB 




10<V CC <30V,T A <0°C 


70 


110 




dB 


Output Sink Current 


V P |N3 = 1V 


1 


2.5 




mA 


Output Source Current 


V P |N3 = 4V 


-0.5 


-1.3 




mA 


Output High Voltage 


lpi N 3 = 1 mA 


3.5 


4.3 


5.0 


V 


Output Low Voltage 


IpiN 3 = 1 rnA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(notel) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V/u.s 


PWM Comparator Section 


Pin 10 Bias Current 


Vpin 10 = 0V, V P | N 23 = open, 

V P |N9 = 2V 




-1 


-10 


uA 


Duty Cycle Range 


T A > 0°C 







70 


% 




T A <0°C 







65 


% 


Pin 4 Zero DC Threshold 


Vpin 7 = 0V 


1.1 


1.25 




V 


Delay to Output 


(note 1 ) 




50 


80 


ns 


Ramp Compensation 


Pin 10 Current 


Vp| N 9 = 2V, Rp| N 23 = 6.8KQ 


250 


300 


350 


uA 


Soft-Start/Reset Delay Section 


Charge Current (Pin 11) 


V P ,N11=0.5V 


-3 


-9 


-20 


jxA 


Discharge Current (Pin 1 1 ) 


V P |N11=1V 


1 






mA 


Discharge Current (Pin 12) 


Vp|N12 = 1V 


3 


9 


20 


uA 


Charge Current (Pin 12) 


V P |N12 = 0.5V 


-0.4 






mA 


Current Limit/Shutdown Section 


Pin 15 Bias Current 


0V < V PIN 15 < 4V 






±20 


HA 


Current Limit Threshold 




1.0 


1.1 


1.2 


V 


Shutdown Threshold 




1.35 


1.50 


1.65 


V 


Delay to Output 


(note 1 ) 




40 


70 


ns 


Blanker Section 


Tblank 


(notel), RC = 5.1KQ, 68pF 


80 


100 


120 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Section 


Output Low Level 


Iqut = 20mA 




0.25 


0.4 


V 




Iqut = 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut = -20mA 


13.0 


13.5 




V 




Iout = -200mA 


12.0 


13.0 




V 


Collector Leakage 


V c = 30V 




100 


500 


UA 


Rise/Fall Time 


C L = 1000pF / (note1) 




30 


60 


ns 


Logic Inputs/Outputs 


Pin 24 Threshold 


(note 2) 




V REF -0.98 




V 


Pin13V OH 


(note 2) 




Vref-0.65 




V 


Pin 13 Vql 


(note 2) 




Vref-1-3 


7 


V 


Supply Current 


Start Up Current (note 2) 


V C c = 8V, T A = 25°C 




1.1 


3.0 


mA 




V C c = 8V, T A < 25°C 






3.5 


mA 


'cc 


VpiN1,10, 1 5 = V, Vp|N2 = IV, 

T A = 25°C 




29 


38 


mA 



Note 1 : This parameter not 1 00% tested in production but guaranteed by design. 

Note 2: The thresholds on the logic input pins are set by a reference generator that is: Vjh = Vr E f - (1 .5 x Vbe)- The logic outputs swing from: Vqh = Vref - Vbe 

to Vol = Vref - 2 x Vb E . Vbe is nominally 0.65V and varies with temperature. Logic inputs and outputs will track each other with temperature variation. 
Note 3: Since the Under Voltage Lockout start-up threshold is 1 6V, the supply is first raised to 20V to activate the \C and then lowered to 1 5V to conduct 

the electrical testing. 
Note 4: Reference short circuit current, Supply current and Start-up ICC decrease with increasing temperature. 

FUNCTIONAL DESCRIPTION 



OSCILLATOR 

The ML4809 Voltage Controlled Oscillator charges the 
external capacitor (Cr) with a current (Icharge) equal to 
V(VCO)/Rj. When the capacitor voltage reaches the upper 
threshold (Ramp Peak), the comparator changes state and 
the capacitor discharges to the lower threshold (Ramp 
Valley) through Q1 . While the capacitor is discharging, 
Q2 provides a high pulse. For Fixed Frequency Operation, 
V(VCO) can be tied to V REF . 

The Oscillator period can be described by the following 
relationship: 

T osc = Tramp + Tqeadtime 

where: T RAMP = C (Ramp Valley to Peak)/I CH ARGE 

and: T DEADT | ME = C (Ramp Valley to Peak)/I D | S 

An approximate expression for the oscillator frequency in 
fixed frequency operation (where V(VCO) = Vr EF ) is: 



r osc ~ 



2.48 
R T C T 




Figure 1 . Oscillator Block Diagram. 
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Figure 2. Timing Resistance vs 
Frequency (V(VCO) = 5.1V). 



Figure 3. Oscillator Frequency vs V(VCO) 
(RC = 6.2Kft, 1000pF). 
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Figure 4. Oscillator Deadtime vs 
Frequency (V(VCO) = 5.1V). 




Figure 5. Oscillator Deadtime vs 
C(T)(3KQ<R(T)<100Ka). 



ERROR AMPLIFIER 

The ML4809 error amplifier is a 3.5MHz bandwidth 6V/^is 
slew rate op-amp with provision for limiting the positive 



output voltage swing (Output Inhibit line) for ease in 
implementing the soft start function. 
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Figure 6. Unity Gain Slew Rate. 



Figure 7. Open Loop Frequency Response. 
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OUTPUT DRIVER STAGE 

The ML4809 Output Driver is a 2A peak output high 
speed totem pole circuit designed to drive capacitive 
loads, such as power MOSFET transistors. 
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Figure 8. Saturation Curves. 
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Figure 10a. Rise/Fall Time (C L = 1000pF). 
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Figure 10b. Rise/Fall Time (CL = 10000pF). 
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Figure 9. Simplified Schematic. 



-60 -40 -20 20 40 60 80 100 120 140 
TEMPERATURE (°C) 

Figure 11. Supply Current vs Temperature. 



SOFT START, CURRENT LIMIT, AND RESET DELAY 

The ML4809 employs two current limits. When the 
voltage at pin 1 5 (l(UM)/S.D.) exceeds 1.1V, the outputs 
immediately pull low and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 1 5 
reaches 1 .5V before the outputs have turned off, a soft start 
cycle is initiated. The soft start capacitor (pin 11) is 
discharged and outputs are held "off'' until the voltage at pin 
1 1 reaches 1.1V, ensuring a complete soft start cycle. The 
duty cycle on start up is limited by limiting the output 
voltage of the error amplifier voltage to the voltage at pin 1 1 . 



The ML4809 also includes a delay circuit which inhibits 
the outputs from coming on until a time determined by 
the RESET DELAY capacitor on pin 1 2. This capacitor is 
normally charged to a voltage equal to VpiN n - 0.7V and 
is limited to Vref. After the 1 .5V limit is reached, the 
capacitor is allowed to slowly discharge through the 9uA 
current sink. When this capacitor and the Soft Start 
Capacitor both have discharged to 1 .1 V, the outputs are 
enabled and the new soft start cycle begins. During Under 
Voltage Lockout, both capacitors will be discharged to 
prepare for a new cycle. 

Since the emitter follower which drives pin 12 presents a 
load on Pin 11, the Soft Start Capacitor's effective value 
will be increased by: 

QfFECT = Cp|N 11 + (Cp|N 12/P) 
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where p varies from 50 to 250. Should this cause 
unacceptable variation on the soft start capacitor value, 
this effect can be mitigated by connecting a resistor from 
Vref to pin 1 1 to charge the Soft Start Cap (select a resistor 
which keeps the charge current below 2mA). 




Figure 1 2. Normal (Cycle by Cycle) and 
"Runaway" Current Timing. 



RAMP COMPENSATION 

In order to allow stable operation of a current mode 
regulator above 50% duty cycle, some of the oscillator 
ramp needs to be added to the current signal. 

Notice that the waveform of (1 ) and the waveform of ramp 
(2) have different average current values. (1) is an example 
of a waveform for high line and (2) an example of low 
line. Since the controllers all regulate based on the peak 
value of the current in the circuit, and the control variable 
really wants to be the average current, adding some of the 
oscillator ramp to comparator input (shown here for 
clarity as a subtraction of the comparator reference input, 
which is the output of the error amplifier) allows the peak 
current control to more closely approximate the average 
current. 



I COMPENSATION OUTPUT 




TURN OFF DRIVERS 
TOGGLE T-FLIP FLOP 

TURN OFF DRIVERS 
INITIATE SOFT START 
CYCLE 



: r(S) - 



R(S) 
4 VW 



nrn 



v cc v c 

ML4809 



-Mn 



AUXILARY 
WINDING 



Figure 1 3. Current Limit, Soft Start and Reset Delay. 

UNDERVOLTAGE LOCKOUT 

In the circuit in Figure 14, the ML4809 remains in a low 
quiescent drain (1 .1 mA) during T1 while C1 charges 
through R(S) to 1 6V. After V C c rises to 1 6V the ML4809 
begins running. C1 provides the energy needed to run the 
gate drive and ML4809 until the auxilary winding can 
provide sustaining energy for the control circuit, 
preventing C1 from draining below the 9V lockout 
threshold. The 7V of hysteresis in the Undervoltage 
Lockout circuit allows the ML4809 to start from a bleed 
resistor/capacitor easily. While the ML4809 is in the 
standby (Lockout) condition, OUTA and OUTB will be 
pulled low. 
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Figure 14. Typical Off-Line Start-Up Circuit and Timing. 
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In the actual implementation, an external resistor (pin 23) 
sets a current which will be equal to Vramp/R1 anQl w '" 
appear on the comparator input pin. Since the sense 
resistor is a low impedance point, putting another resistor 
(R2) in series with the V$ense P m 00) causes a voltage to 
add to the ramp voltage which is equal to Vramp (R2/R1 ). 




Figure 15. The Effect of Ramp Compensation 



{^qp-g 



TO Ve from p- | cqmpin 

TRANSFORMER EA OUT ' — ' 



BLANKER -, 




Figure 1 6. Ramp Compensation and 
Blanker Block Diagram. 

MAIN COMPARATOR BLANKER 

When CMP IN (EA OUT) is at a low level, spikes which 
occur on RAMP (which is connected to a current sense 
resistor or transformer) when the power MOSFETs first turn 
on can cause the cycle to terminate early. The result of 
early termination can cause instabilities. Three problems 
occur which all contribute to this spike. 

1 . Inductance in the sense resistor. 

2. Inter-winding capacitance in the transformer. 

3. Reverse recovery current in the rectifier in the opposite 
FET intrinsic diode (or from the secondary diodes). 



BLANKER 
DISABLES COMPARATOR 
DURING SHADED TIME 







INDUCTANCE 



DIODE RECOVERY 



Figure 1 7. Unintended Early Cycle Termination. 

The first two problems usually cause a fairly short spike 
which is easy to filter out with just a simple RC before the 
comparator input without causing unacceptable phase 
delay at the input, since there is not much area 
underneath the spike. The third problem can have 
significant energy, and a filter with a low enough pole to 
reduce the "spike" to a level low enough not to cause 
early cycle termination would cause excessive phase shift. 

The solution is to provide a blanking pulse to the 
comparator at the beginning of the cycle. The width of 
this pulse is programmed by an external RC. When 
CLOCK IN is high, a buffer in the ML4809 charges the 
capacitor on pin 14 to 4V. When CLOCK goes low, the 
capacitor discharges through the external resistor. The 
outputs are held low until the voltage at pin 14 falls below 
3.2V. The buffer driving pin 14 is limited to 5mA output 
current. The Blanking period can be calculated by the 
expression: 



■blank ' 



, _. R BLANK C BLANK 



2.83 



SYNCHRONIZATION INPUTS AND OUTPUTS 

When using the Clock (pin 7) or Q (pin 1 3) outputs, a 
5KQ, pull down resistor is recommended. These outputs 
are open emitters. Clock has an internal (375uA) current 
sink load while Q is unloaded. Both will exhibit 
significant timing skew due to PC board capacitance if not 
loaded. 

Clock Output and External Input 

Used to synchronize multiple supplies. For synchronized 
operation of multiple ML4809's, tie the CLOCK OUT from 
the "master" to the CLOCK IN of the slaves. 

Toggle Preset and Q Output 

In multiple supply systems, this is important for 
synchronization. To synchronize multiple chips, connect 
the Q output from the "master" ML4809 to the Preset 
Input of the "slave" in a daisy chain". For non- 
synchronized operation this input would be connected 
to GND. 



7-28 



3^ Micro Linear 



ML4809 



OTHER FEATURES 

Fast Shut Down Path from Current Limit to Outputs 

Provides a 30ns path to the outputs which begins to turn 
off the outputs while the longer latching path is 
propagating. In a normal UC1825, it can be as much as 
80ns until the over-current condition shuts down the 
outputs. 

Separate Error Amplifier Output Pin for Loop Filtering 
Versatility 

This is especially useful for: 

1 . Diagnostic purposes, to see what the chip is really 
doing, it is useful to break the feedback loop. 

2. High power supplies — current sharing: In system 
design with more than one supply running, in order to 
ensure that the supplies share current equally it is often 
necessary to have a "master" circuit control the PWM 
operation of each of the "slaves". This is most easily 
accomplished by an "or" (where the lowest output 
dominates) of the Error Amp outputs which is 
impossible if the output of the amp is internally 
connected to the input of the comparator. 



1000 

1 470 

z 

s! 220 

100 



























100 
CBLANK (pF) 

Figure 18. T BL ank vs. C B lank (Rblank = 5.1 KQ). 
APPLICATIONS 

Figure 19 shows the ML4809 in a push-pull non-isolated 
application. Note the Schottky Diodes on pins 1 7 and 20. 
These diodes are necessary in order to prevent transients 
from driving these pins negative with respect to GND 
which would cause the IC to malfunction. 

Care should be exercised in layout: 

1. Avoid Ground Loops. Use "star" grounding. 

2. Bypass the V<x line with a high frequency capacitor 
which is physically close to the IC. 

3. Avoid running signal lines near power lines. 

4. Employ "ground planing". 




Figure 19. ML4809 Typical Application 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4809CP 
ML4809CQ 


0°C to +70°C 
0°C to +70°C 


Molded DIP (P24N) 
Molded PCC (Q28) 
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High Frequency Power Supply Controller 



GENERAL DESCRIPTION 

The ML4810 and ML4811 High Frequency PWM 
Controllers are optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. The 
ML4810/11 contain a unique overload protection circuit 
which helps to limit stress on the output devices and 
reliably performs a soft-start reset. Propagation delays are 
minimal through the comparators and logic for reliable 
high frequency operation and slew rate and bandwidth 
are maximized on the error amplifier. These controllers 
are designed to work in either voltage or current mode 
and provide for input voltage feed forward. 

A 1 .1 V threshold current limit comparator provides a 
cycle-by-cycle current limit. An integrating circuit 
"counts" the number of times the 1 .1 V limit was reached. 
A soft-start cycle is initiated if the cycle-by-cycle current 
limit is repeatedly activated. A reset delay function is 
provided on the ML4811 . All logic is fully latched to 
provide jitter-free operation and prevent multiple pulsing. 
An under-voltage lockout circuit with 7V of hysteresis 
assures low startup current and drives the outputs low 
during fault condition. 



The ML4810/11 are fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller can therefore be 
easily implemented. Please refer to the FB3480 data sheet 
for more information. These controllers are similar to the 
UC1825 controller, however these controllers include 
many features not found on the 1 825. These features are 
set in Italics. 

FEATURES 

■ Integrating Soft Start Reset 

■ High current (2A peak) dual totem pole outputs 

■ Practical operation to 1 MHz (fosc) 

■ 5.1 V ±2% trimmed bandgap reference 

■ Under voltage lockout with 7V hysteresis 
m Soft Start Reset Delay (ML48 1 1) 

■ Oscillator synchronization function (ML4811) 
m Soft Start latch ensures full soft start cycle 

m Outputs pull low for undervoltage lockout 

■ Accurately controlled oscillator ramp discharge current 

■ All timing currents "slaved" to Rj for precise control 



BLOCK DIAGRAM 




l(LIM)/S.D. 



INTERNAL 
BIAS 
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PIN CONFIGURATION 

ML4810 
16-Pin DIP (P1 6) 

INV \2 1 ^-^ ™ 3 5.1V REF 

Nl \2 2 15 ^ Vcc 

E/A OUT \2 3 U ~2 OUTB 

RCRESET C 4 13 H POWER V C 

RT C 5 12 3 PWR GND 

Ct[ 6 11 2 OUTA 

RAMP [ 7 10 U GND 

SOFT START [ 8 9 ] Ilim/S.D. 



ML4811 
20-Pin DIP (P20) 

INV [jT~"^37"~2oT] RESET DELAY 



Nl E 2 

E/A OUT C 3 

RCreset E 4 

CLOCK Q 5 

RjC & 

RAMP C. 8 

SOFT START £ 9 

SYNC C 10 



19 3 5.1V REF 
18 3 Vcc 
3 OUTB 
3 POWER V C 
15 3 PWR GND 
I ~J OUTA 
I U GND 
J 3 Ilim/S.D. 
I H OVP 



ML4810 
16-Pin SOIC(S16W) 



ML4811 
20-Pin SOIC (S20W) 



INV QI i 

ni q: 2 

E/A OUT [X 3 

RCreset [X 4 

rt[X s 
ctCE 6 

RAMP QI 7 
SOFT START [X » 



16 XI 5.1V REF 

15 XI V CC 

14 X] OUTB 

13 XI POWER Vc 

12 X] PWR GND 

11 XI ° UTA 

io X] GND 
9 XI ILIM/S.D. 



INV (X 1 

Nl |X 2 

E/A OUT (X 3 

RCreset DC 4 

CLOCK [X 5 

Rt(X 6 

ct(X ^ 

RAMP [X 8 

SOFT START [X 9 

SYNC [X 10 



XI RESET DELAY 

9 XH 5.1V REF 

8 X] V CC 

7 X] OUTB 

6 X] POWER V C 

5 X] PWR GND 

4 XI OUTA 

3 X] GND 

2 X] 'LIM/S.D. 

1 XI ° vp 



PIN DESCRIPTION 








PIN# 


NAME 


FUNCTION 


PIN# 


NAME 


FUNCTION 


1 


INV 


Inverting input to error amp. 


11 


OVP 


Exceeding 2.5V terminates the PWM 


2 


Nl 


Non-inverting input to error amp. 






cycle and inhibits the outputs. 


3 


E/A OUT 


Output of error amplifier and input to 
main comparator. 


12 


Ium/S.D. 


Current limit sense pin. Normally 
connected to current sense resistor. 


4 


RCreset 


Timing elements for Integrating Soft 


13 


GND 


Analog signal ground. 






Start reset. 


14 


OUTA 


High current totem pole output. This 


5 


CLOCK 


Oscillator output. 






output is the first one energized after 
power on reset. 


6 


Rt 


Timing resistor for oscillator — sets 
charging current for oscillator timing 
capacitor (pin 6). 


15 


PWR GND 


Return for the high current totem 
pole outputs. 


7 


Ct 


Timing capacitor for oscillator. 


16 


v c 


Positive supply for the high current 
totem pole outputs. 


8 


RAMP 


Non-inverting input to main 
comparator. Connected to Cj for 


17 


OUTB 


High current totem pole output. 






voltage mode operation or to current 


18 


Vcc 


Positive supply for the IC. 






sense resistor for current mode. 


19 


5.1V REF 


Buffered output for the 5.1 V voltage 


9 


SOFT START 


Normally connected to Soft Start 






reference. 






capacitor. 


20 


RESET DELAY 


Timing capacitor to determine the 


10 


SYNC 


A high going pulse terminates the 
PWM cycle and discharges Cj. 






amount of delay between fault. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 1 8, 1 6) 25V 

Output Current, Source or Sink (Pins 14, 17) 

DC 0.5A 

Pulse (O.Sjis) 2.0A 

Analog Inputs 

(Pins 1 , 2, 8) -0.3V to 7V 

(Pins 9, 10, 11, 12, 20) -0.3V to 6V 

Clock Output Current (Pins 5) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Junction Temperature 

ML4811M 150°C 

ML481 1 1, ML481 0C, ML481 1 C, ML481 01 1 25°C 

Storage Temperature Range -65°C to +150°C 



Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (6ja) 

Plastic DIP 65°C/W 

Ceramic DIP 65°C/W 

Plastic SOIC 65°C/W 



OPERATING CONDITIONS 

Temperature Range 

ML4810C, ML4811C 0°C to +70°C 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratings only and 
functional device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ry = 3.65KQ, Or = 1 0OOpF, T A = Operating Temperature Range, V C c = 1 5V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C, (notel) 


360 


400 


440 


KHz 


Voltage Stability 


1 0V < V cc < 25V, (note 1) 




0.2 


4 


% 


Temperature Stability 


(notel) 




5 




% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 






2.8 




V 


Ramp Valley 






1.0 




V 


Ramp Valley to Peak 




1.6 




2.3 


V 


Sync input Threshold 




0.8 


1.0 


1.4 


V 


Sync Input Current 


Vpinio = 4V 








uA 


Reference Section 


Output Voltage 


Tj = 25°C, l = 1mA 


5.00 


5.10 


5.20 


V 


Line Regulation 


1 0V < V cc < 25V 




2 


20 


mV 


Load Regulation 


1 mA < lo < 1 0mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 1 50°C, (notel) 




0.2 


0.4 


% 


Total Variation 


line, load, temp, (note 1) 


4.95 




5.25 


V 


Output Noise Voltage 


10Hzto10KHz 




50 




uV 


Long Term Stability 


Tj = 125 C, 1000 hrs, (notel) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-15 


-50 


-100 


mA 


Under- Voltage Lockout Section 


Start Threshold 




15 


16 


17 


V 


UVLO Hysteresis 




6.5 


7 


7.5 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KQ, Or = 1000pF, T^ = Operating Temperature Range, V<x = 1 5V. 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Supply Current 



Start Up Current 


ML4810 


Vcc = 8V, T A > 0°C 
Vcc = 8V, T A < 0°C 




2.0 
2.5 


3.5 
4.0 


mA 
mA 




ML481 1 


V C c = 8V, T A > 0°C 
V C c = 8V,T A <0°C 




2.5 
3 


4.0 
4.5 


mA 
mA 


Ice 


ML4810 


Vp,Nl,7,9 = 0V,Vp, N2 = 1V,T A = 25 o C 




32 


46 


mA 




ML481 1 


Vpin 1, 7, 9 = OV, V PIN 2 = 1 V, T A = 25°C 




38 


55 


mA 



Error Amplifier Section 



Input Offset Voltage 








±20 


mV 


Input Bias Current 






0.6 


3 


uA 


Input Offset Current 






0.1 


1 


uA 


Open Loop Gain 


1 < V < 4V 


60 


96 




dB 


CMRR 


1.5 <V CM < 5.5V 


65 


95 




dB 


PSRR 


10 < V CC < 30V 


75 


90 




dB 


Output Sink Current 


V P |N3 = 1V 


1 


2.5 




mA 


Output Source Current 


V P ,N3 =4V 


-0.5 


-1.3 




mA 


Output High Voltage 


IpiN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpi N3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


Notel 


3 


5.5 




MHz 


Slew Rate 


Notel 


6 


12 




V/us 



PWM Comparator Section 



Pin 8 Bias Current 


V P |N8 = 0V 




-1 


-5 


HA 


Duty Cycle Range 









75 


% 


Pin 3 Zero DC Threshold 




1.1 


1.25 




V 


Delay to Output 


Notel 




50 


80 


ns 



Soft-Start Section 



Charge Current (Pin 9) 


ML4811 


Vp|N9 = 1V, Vp| N4 , 12 = 


-35 


-55 


-75 


uA 


Discharge Current (Pin 9) 


V P , N9 = 3V,Vp, N4 >2.5 


1 


5 




mA 




Vpin 9 = 3V, V PIN 12 > 1 .65, V PIN 4 < 2 


1 


5 




mA 


Charge Current (Pin 20) 


Vp|N 20 = 1 V 


1 


5 




mA 


Discharge Current (Pin 20) 


Requires external discharge resistor 









HA 



Current Limit/Shutdown Section 



Pin 12 Bias Current 


0V<V PIN12 <4V 






+15 


uA 


Current Limit Threshold 


ML4810 




1.2 


1.3 


1.4 


V 




ML481 1 




0.95 


1.1 


1.3 


V 


Reset Threshold (Pin 1 2) 


ML4810 


V P ,N4<2V 


1.60 


1.75 


1.90 


V 




ML481 1 


V P ,N4<2V 


1.4 


1.50 


1.8 


V 


Delay to Output 


Notel 




40 


70 


ns 


Pin 4 Charging Current 


V P |N12 = 2V 


120 


150 


180 


uA 


Restart Threshold (Pin 4) 




2 


2.45 


3 


V 


OVP Shutdown Threshold (Pin 11) 




2.4 


2.7 


2.8 


V 


OVP Input Current 


Vpinii=3V 


40 


50 


60 


|LlA 


Charge Current (Pin 8) 


ML4810 


VpiN 8 = 1 V, Vp| N 4, 9 = 


-40 


-50 


-60 


uA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KQ, Cj = 1000pF, Ta = Operating Temperature Range, Vcc - 15V 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX UNITS 



Output Section 



Output Low Level 


Iqut = 20mA 




.25 


.4 


V 




Iqut = 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut = -20mA 


12.5 


13.5 




V 




Iqut = -200mA 


12.0 


13.0 




V 


Collector Leakage 


V c = 30V 




100 


500 


//A 


Rise/Fall Time 


C L = 1000pF, (note 1) 




30 


80 


ns 



Note 1: This parameter not 100% tested in production but guaranteed by design. 



FUNCTIONAL DESCRIPTION 

SOFT START AND CURRENT LIMIT — INTEGRATING 
SOFT START RESET 

The ML4810/11 offers a unique system of fault detection 
and reset. Most PWM controllers use a two threshold 
method which relies on the buildup of current in the 
output inductor during a fault. This buildup occurs 
because: 

1. Inductor di/dt is a small number when the switch is 
off under load fault (short circuit) conditions, since 
Vl is small. 

2. Some energy is delivered to the inductor since the 
IC must first detect the over-current because there is 
a finite delay before the output switch can turn off. 



— Ht pd |-« — — MTpok — — ►! 

SWITCH CURRENT 

DIODE CURRENT 



Tpd 



VTH2 
V T H1 



Figure 1. Current Waveforms for Slow Turn-Off System 
with Load Fault 

This scheme was adequate for controllers with longer 
comparator propagation delays and turn-off delays than 
is desirable in a high frequency system. For systems 
with low propagation delays, very little energy will be 
delivered to the inductor and the current "ratcheting" 
described above will not occur. This results in the 
controller never detecting the load fault and continuing 
to pump full current to the load indefinitely causing 
heating in the output rectifiers and inductor. 



— ►! |-*-Tpd 
VTH2lJ- - I-_ 

III 



VTH2 

Vthi 



_ri 



71 



-TPD 



■*-Tpd 



SWITCH CURRENT 

DIODE CURRENT 



Figure 2. Current Waveforms for High Speed System with 
Load Fault 



A method of circumventing this problem involves 
"counting" the number of times the controller 
terminates the PWM cycle due to the cycle by cycle 
current limit. 

When the switch current crosses the 1.1V threshold A1 
signals the F1 to terminate the cycle and sets F3, which 
is reset at the beginning of the PWM cycle. The output 
of F3 turns on a current source to charge C2. When, 
after several cycles, C2 has charged to 2.45V, A5 turns 
on F2 to discharge soft start capacitor CI. Charge is 
continually bled from C2 by R1. If a current surge is 
short lived (for instance a disk drive start-up or a board 
being plugged into a live rack) the control can "ride 



__ RESET DELAY 

g — ♦_ • — ,qi 



n I 

^ L R q-Jg^-J 




V 



// FROM OSC 

_n_n 



l(LIM)/S.D. 

[ID- 



Figure 3. Integrating Soft Start Reset 
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out" the surge with the switch protected by the cycle 
by cycle limit. R1 and C1 can be selected to track 
diode heating, or to ride out various system surge 
requirements as required. 

If the high current demanded is caused by a short 
circuit, the duty cycle will be short and the output 
diodes will carry the current for the majority of the 
PWM cycle. C2 charges fastest for low duty cycles 
(since F3 will be on for a longer time) providing for 
quicker shutdown during short-circuit when the output 
diodes are being maximally stressed. 

OSCILLATOR 

The ML4811 oscillator charges the external capacitor 
(Or) with a current (Iset) equal to 3/Rj. When the 
capacitor voltage reaches the upper threshold (Ramp 




Figure 4. Switching Current and Pin 4 Voltage — Normal 



fcM 




Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. A discharge of the oscillator can be initiated 
by applying a high level to the Sync pin. A short pulse 
of a frequency higher than the oscillator's free running 
frequency can be used to synchronize the ML4811 to 
an external clock. The pulse can be equal to the 
desired deadtime Ob) or the deadtime can be 
determined by Iqis and Cj, whichever is greater. 

The Oscillator period can be described by the 
following relationship: 

Tosc = Tramp + Tdeadtime 

where: Tramp = C (Ramp Valley to Peak)/I$ET 
and: T D eadtime = C (Ramp Valley to Peak)/^ 




Ji 



RAMP VALLEY - 



Figure 6. Simplified Oscillator Block Diagram and Timing 



Figure 5. Switching Current and Pin 4 Voltage — Load Fault 
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Figure 7. Oscillator Timing Resistance vs. Frequency 
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ERROR AMPLIFIER 

The ML4811 error amplifier is a 5.5MHz bandwidth 
12V///sec slew rate op-amp with provision for limiting 
the positive output voltage swing (Output Inhibit line) 
for ease in implementing the soft start function. 



OUTPUT DRIVER STAGE 

The ML4811 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 8. Oscillator Deadtime vs Frequency 
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Figure 9. Oscillator Deadtime vs C(D (3 < R(T) < 100KQ) 
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Figure 10. Unity Gain Slew Rate 
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Figure 11. Open Loop Frequency Response 
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Figure 12. Simplified Schematic 
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Figure 13. Saturation Curves 
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Figure 14. Rise/Fall Time (CL = lOOOpF) 
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Figure 15. Rise/Fall Time (CL = 10,000pF) 
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Figure 1 6. Supply Current vs. Temperature 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4810CP 
ML4810CS 
ML4811CP 
ML4811CS 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


16-Pin Molded DIP (P1 6) 
16-Pin Molded SOIC(S16W) 
20-Pin Molded DIP (P20) 
20-Pin Molded SOIC (S20W) 
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Power Factor Controller 



GENERAL DESCRIPTION 

The ML4812 is designed to optimally facilitate a "boost" 
type power factor correction system. Special care has 
been taken in the design of the ML481 2 to increase 
system noise immunity. The circuit includes a precision 
reference, multiplier, error amplifier, over-voltage 
protection, ramp compensation, as well as a high current 
output. In addition, start-up is simplified by an under- 
voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4812 functions as a current 
mode regulator. The current which is necessary to 
terminate the cycle is a product of the sinusoidal line 
voltage times the output of the error amplifier which is 
regulating the output DC voltage. Ramp compensation is 
programmable with an external resistor, to provide stable 
operation when the duty cycle exceeds 50%. 



FEATURES 

■ Precision buffered 5V reference (±0.5%) 

■ Current input multiplier reduces external components 
and improves noise immunity 

■ Programmable ramp compensation circuit 

■ 1 A peak current totem-pole output drive 

■ Over-voltage comparator eliminates output "runaway" 
due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Large oscillator amplitude for better noise immunity 



BLOCK DIAGRAM (Pin Out shown is for DIP) 



ovp — 

l(SENSE) -1- 

MULTIPLIER -?- 

EAOUT — 

INV — 



C(T) !L 

R(T) ± 



5VJ- 




I MULTIPLIER 
KRAMP COMP) 




Vcc 




UNDER 
VOLTAGE 
LOCKOUT 



i 



± 



s* — vw 



SHUTDOWN 



12 



OUT 
H- PWRGND 



5VVref 
VCC 



SIGNAL GND 



* l(MULT) oc l(SINE) x l(EA) - [KRAMP COMP) + 2] 
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PIN CONFIGURATION 



ML4812 
16-Pin DIP (P1 6) 



ML4812 
20-Pin PCC (Q20) 



l(SENSE) rfl \*y 16 "J C(T) 
MULTIPLIER [2 15 ^ SIGNAL GND 



EAOUT \Z 3 

INV \Z 4 

OVP \Z 5 

l(SINE) C 6 

RAMPCOMP \Z 7 

R(T) C 8 



14 ^ 5VVref 

13 J Vcc 

12 ~J OUT 

11 ^j PWRGND 

10 2 SHUTDOWN 

9 3 CLOCK 



S 2 
> n n n n 



EA OUT C 4 

INV C 5 

NCC 6 

OVP Z 7 

l(SINE) [ 8 



~ Z 



10 11 12 13 



u u u u u 

z 

I 



18 U 5VVref 
17 D Vcc 
16 J NC 
15 U OUT 
14 I] PWRGND 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



PIN# NAME 



FUNCTION 



1 l(SENSE) 



MULTIPLIER 



EAOUT 

INV 
OVP 

I(SINE) 



Input from the current sense 
transformer (T1 ) to the PWM 
comparator (+). 

Output of current multiplier. 
A resistor to ground on this pin 
converts the current to a voltage. 
This pin is clamped to 5V and tied 
to the PWM comparator (-). 

Output of error amplifier. 

Inverting input to error amplifier. 

Input to over voltage comparator. 

Current multiplier input. 



RAMP COMP Buffered output from the oscillator 
ramp [C(T)]. A resistor to ground sets 
the current which is internally 
subtracted from the product of 
l(SINE) and l(EA) in the multiplier. 



8 R(T) Oscillator timing resistor pin. A 5V 

source sets a current in the external 
resistor which is mirrored to charge 

C(T). 

9 CLOCK Digital clock output. 



10 SHUTDOWN A TTL compatible low level on this 

pin turns off the output. 

1 1 PWR GND Return for the high current totem 

pole output. 

1 2 OUT High current totem pole output. 

1 3 V C c Positive Supply for the IC. 

1 4 5 V V REF Buffered output for the 5 V voltage 

reference. 

15 SIGNAL GND Analog signal ground. 

1 6 C(T) Timing capacitor for the oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratings only and 
functional device operation is not implied. 

Supply Current (Ice) 30mA 

Output Current Source or Sink (pin 1 2) 

DC 1 .0A 

Output Energy (capacitive load per cycle) 5|iJ 

Multiplier l(SINE) Input (pin 6) 1 .2mA 

Error Amp Sink Current (pin 3) 10mA 

Oscillator Charge Current 2mA 

Analog Inputs (pins 1,4, 5) -0.3V to 5.5V 

Junction Temperature 1 50°C 



Storage Temperature Range -65°C to +150°C 

Lead Temperature (soldering 10 sec.) +260°C 

Thermal Resistance (0ja) 

Plastic Chip Carrier (PCC) — Q 60°C/W 

Plastic DIP — P 65°C/W 

Ceramic DIP — J 65°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4812C 0°Cto+70°C 

ML4812I -40°Cto+85°C 

ML4812M -55°Cto+125°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 14K£2, Or = 1 0OOpF, Ta = Operating Temperature Range, Vcc = 1 5V (note 2), 
Pin numbers refer to 1 6-pin DIP package. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C 


91 


98 


105 


KHz 


Voltage Stability 


12V < V CC < 18V 




0.3 




% 


Temperature Stability 






2 




% 


Total Variation 


line, temp. 


90 




108 


KHz 


Ramp Valley to Peak 






3.3 




V 


R(T) Voltage 




4.8 


5.0 


5.2 


V 


Discharge Current (pin 8 open) 


T J = 25°C,V PIN16 = 2V 


7.8 


8.4 


9.0 


mA 




V P ,N16 = 2V 


7.3 


8.4 


9.3 


mA 


Clock Out Voltage Low 


R L = 16KQ 




0.2 


0.5 


V 


Clock Out Voltage High 


R L =16KQ 


3.0 


3.5 




V 


Reference Section 


Output Voltage 


Tj = 25 C, l Q =1mA 


4.95 


5.00 


5.05 


V 


Line Regulation 


1 2V < V cc < 25V 




2 


20 


mV 


Load Regulation 


1 mA < l < 20mA 




2 


20 


mV 


Temperature Stability 






0.4 




% 


Total Variation 


line, load, temp. 


4.9 




5.1 


V 


Output Noise Voltage 


10Hzto10KHz 




50 




uV 


Long Term Stability 


Tj = 125°C, 1000Hrs(note1) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-30 


-85 


-180 


mA 


Error Amplifier Section 


Input Offset Voltage 








±15 


mV 


Input Bias Current 






-0.1 


-1.0 


uA 


Open Loop Gain 


1 < V PIN 3 < 5V 


60 


75 




dB 


PSRR 


12V<V CC <25V 


60 


75 




dB 


Output Sink Current 


V P ,N3 = 1.1V,Vp, N4 = 6.2V 


2 


12 




mA 


Output Source Current 


V PIN 3 = 5.0V,Vp IN4 = 4.8V 


-0.5 


-1.0 




mA 


Output High Voltage 


IpiN 3 = -0.5mA, Vp| N 4 = 4.8V 


5.3 


5.5 




V 


Output Low Voltage 


lpi N 3 = 1 mA, V PIN 4 = 6.2V 




0.5 


1.0 


V 


Unity Gain Bandwidth 






1.0 




MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



Multiplier 



l(SINE) Input Voltage 


l(SINE) = 500nA 


0.4 


0.7 


0.9 


V 


Output Current (pin 2) 


l(SINE) = 500uA, Pin 4 = V REF -20mV 


460 


480 


510 


uA 




l(SINE) = 500mA, Pin 4 = V REF + 20mV 




3 


10 


uA 




l(SINE) = 1 mA, Pin 4 = V REF - 20mV 


900 


950 


1020 


MA 




l(SINE) = 500uA, Pin 4 = V REF - 20mV / 
Ipin 7 = 50uA 




455 




uA 


Bandwidth 






200 




KHz 


PSRR 


12V<V CC <25V 




70 




dB 


OVP Comparator 












Input Offset Voltage 


Output Off 


-25 




+5 


mV 


Hysteresis 


Output On 


95 


105 


115 


mV 


Input Bias Current 






-0.3 


-3 


uA 


Propagation Delay 






150 




ns 



PWM Comparator: l(SENSE) 



Input Offset Voltage 








±15 


mV 


Input Offset Current 








±1 


mA 


Input Common Mode Range 




-0.2 




5.5 


V 


Input Bias Current 






-2 


-10 


MA 


Propagation Delay 






150 




ns 


•limit Trip Point 


Vpin2 = 5.5V 


4.8 


5 


5.2 


V 



Output Section 



Output Voltage Low 


Iqut = -20mA 




0.1 


0.4 


V 




Iqut = -200mA 




1.6 


2.2 


V 


Output Voltage High 


Iqut = 20mA 


13 


13.5 




V 




Iqut = 200mA 


12 


13.4 




V 


Output Voltage Low in UVLO 


Iqut = -5 mA, V cc = 8V 




0.1 


0.8 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




ns 


Shut Down Input 


V, H 


2.0 






V 




Vil 
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V 




l|L,V PIN10 = 0V 






-1.5 


mA 




■|H/ VpiN 10 = 5V 






10 


MA 



Under- Voltage Lockout 



Start-Up Threshold 




15 


16 


17 


V 


Shut-Down Threshold 




9 


10 


11 


V 


Vref Good Threshold 






4.4 




V 



Total Device 



Supply Current 


Start-Up, V C c = 14V, Tj = 25°C 




0.8 


1.2 


mA 




Operating, Tj = 25°C 




20 


25 


mA 


Internal Shunt Zener Voltage 


l C c = 30mA 


25 


30 


34 


V 



Note 1 : This parameter not 1 00% tested in production but guaranteed by design. 

Note 2: Vcc is raised above the Start-Up Threshold first to activate the IC, then returned to 1 5V. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML481 2 oscillator charges the external capacitor (Or) 
with a current (Isej) equal to 5/Rset- When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through Q1 . While the capacitor is discharging, 
Q2 provides a high pulse. 

The Oscillator period can be described by the following 
relationship: 



where: 



and: 



T osc = Tramp + Tdeadtime 

C T X V RAMP VALLEY TO PEAK 



'RAMP ■ 



'DEADTIME " 



'SET 



. C T x V RAMP VALLEY TO PEAK 
8.4mA -l SET 




Td-H H- 

RAMP PEAK 

C(T) 
RAMP VALLEY -* 

Figure 1 . Oscillator Block Diagram 
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OUTPUT DRIVER STAGE 

The ML4812 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 




200 400 600 800 

lO, OUTPUT LOAD CURRENT (mA) 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML481 2 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 




Figure 4. Error Amplifier Configuration 











Vcc = 15V 

Vo = 1.0V TO 5.0V 
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Figure 5. Error Amplifier Open-Loop Gain and 
Phase vs Frequency 



Figure 2. Oscillator Timing Resistance vs. Frequency 
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MULTIPLIER 

The ML4812 multiplier is a linear current input multiplier 
to provide high immunity to the disturbances caused by 
high power switching. The rectified line input sine wave is 
converted to a current via a dripping resistor. In this way, 
small amounts of ground noise produce an insignificant 
effect on the reference to the PWM comparator. 

The output of the multiplier is a current proportional to: 

l OU T~KSINE)xl(EA) 

where l(SINE) is the current in the dropping resistor, and 
l(EA) is a current proportional to the output of the error 
amplifier. When the error amplifier is saturated high, the 
output of the multiplier is approximately equal to the 
l(SINE) input current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output. The multiplier 
output is clamped to 5V to provide current limiting. 

Ramp compensation is accomplished by subtracting 1/2 of 
the current flowing out of pin 7 through a buffer transistor 
driven by C(T) which is set by an external resistor. 



ERROR CURRENT 



s 



KS1NE) ' 



1" 



l(SINE) x 
(£) ERROR CURRENT - 
^ KRAMP COMP)/2 



& 






- KRAMP COMP) 



5V 



UNDER VOLTAGE LOCKOUT 

On power-up the ML4812 remains in the UVLO 
condition; output low and quiescent current low. The IC 
becomes operational when V cc reaches 1 6V. When V C c 
drops below 10V, the UVLO condition is imposed. During 
the UVLO condition, the 5V Vref P'n is "off", making it 
usable as a "flag" for starting up a downstream PWM 
converter. 



>5Wref 




t — I Vcc 



Figure 8. Under- Voltage Lockout Block Diagram 
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Figure 6. Multiplier Block Diagram 



Figure 9a. Total Supply Current vs. Supply Voltage 



500 

< 






















1, 






















LLI 






















(J 300 












































3 200 













































UJ 

Eh 100 








































5 n 





















100 200 300 400 

SINE INPUT CURRENT (pA) 



Figure 7. Multiplier Linearity 
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Figure 9b. Supply Current (Ice) vs. Temperature 
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Figure 10. Reference Load Regulation 

APPLICATIONS 

INPUT INDUCTOR (L1) SELECTION 

The central component in the regulator is the input boost 
inductor. The value of this inductor controls various 
critical operational aspects of the regulator. If the value is 
too low, the input current distortion will be high and will 
result in low power factor and increased noise at the 
input. This will require more input filtering. In addition, 
when the value of the inductor is low the inductor dries 
out (runs out of current) at low currents. Thus the power 
factor will decrease at lower power levels and/or higher 
line voltages. If the inductor value is too high, then for a 
given operating current the required size of the inductor 
core will be large and/or the required number of turns will 
be high. So a balance must be reached between distortion 
and core size. 

One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 



V, 



OUT - 



_ V IN 



1-D r 



(1) 



Where Don " s tne duty cycle [Ton/0"on + Toff)]- The 
input boost inductor will dry out when the following 
condition is satisfied: 

V,N(t)<V UTXn-DoN) ^ 



v indry = H - D ON (max)] x V OUT 

Vindry : Voltage where the inductor dries out. 
Vout : Output dc voltage. 



(3) 



Effectively, the above relationship shows that the resetting 
volt-seconds are more than setting volt-seconds. In energy 
transfer terms this means that less energy is stored in the 
inductor during the ON time than it is asked to deliver 
during the OFF time. The net result is that the inductor 
dries out. 

The recommended maximum duty cycle is 95% at 

1 0OKHz to allow time for the input inductor to dump its 

energy to the output capacitors. 

For example: 



if: 



Vout = 380V and 
Dqn (max) = 0.95 



then substituting in (3) yields V| N qry = 20V. The effect of 
drying out is an increase in distortion at low voltages. 

For a given output power, the instantaneous value of the 
input current is a function of the input sinusoidal voltage 
waveform, i.e. as the input voltage sweeps from zero volts 
to a maximum value equal to its peak so does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of the 
input inductor: 

Step 1 : Find minimum operating current. 



l IN (min) PEAK 



1.414xR N (min) 



Ml 
V lN (max) 



(4) 



then: 



V IN (max) = 260V 
PiN(min) = 50W 
l| N (min) PEAK = 0.272A 



Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 

then: l|_DRY = 100mA 

Step 3: The value of the inductance can now be found 
using previously calculated data. 



L1;r V lNPRY xP ON( max ) 



'ldry x fosc 

20V X 0.95 
' 100mA x100KHz" 



(5) 



= 2mH 



The inductor can be allowed to decrease in value when 
the current sweeps from minimum to maximum value. 
This allows the use of smaller core sizes. The only 
requirement is that the ramp compensation must be 
adequate for the lower inductance value of the core so 
that there is adequate compensation at high current. 
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NOTES: 

1. ALL UNSPECIFIED DIODES ARE 1N4148. 

2. ALL UNSPECIFIED RESISTORS ARE 1/4 WATT. 

3. ALL UNSPECIFIED CAPACITOR VOLTAGE RATINGS ARE 50V. 

4. ADJUST R 2 A AND R 5 A WITH CAUTION TO AVOID OVER VOLTAGE CONDITIONS. 

Q 3 = 2N2222 OR EQUIVALENT. 



P3 IS USED AT INITAL TURN-ON TO 
CHECK THE IC FOR PROPER OPERATION. 
APPLY = 16VDC. 

FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VOLTAGES R1 A, R1 B, R4A, R4B = 1 78K 1 %, 
R2B = 4.75 1 %, R5B = 4.53K 1 %. 
USE JUMPERS INSTEAD OF R2A AND R5A (POTS). 



FOR HIGHER POWER USE MORE Vcc DECOUPLING. 
2jj,F OR MORE BE REQUIRED AT 1KW LEVELS. 
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Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor correction 
the above value of L1 can be optimized after a 
few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron cores 
are typical choices for core material. The core material 
selected should have a high saturation point and 
acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4119PL00-3C8 made by Ferroxcube. This ungapped core 
will require a total gap of 0.1 80" for this application. 

OSCILLATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 



■osc- 



1.36 



(6) 



For example: 

Step 1 : At 1 0OKHz with 95% duty cycle T ff = 500ns 
calculate Or using the following formula: 



Ct = T O FfXI d|S =100QpF 



V, 



osc 



(7) 



Step 2: Calculate the required value of the timing resistor. 



Where R$ is the current sense resistor and Nc is the turns 
ratio of the current transformer (T1) used. In general, current 
transformers simplify the sensing of switch currents 
especially at high power levels where the use of sense 
resistors is complicated by the amount of power they have 
to dissipate. Normally the primary side of the transformer 
consists of a single turn and the secondary consists of 
several turns of either enameled magnet wire or insulated 
wire. The diameter of the ferrite core used in this example 
is 0.5" (SPANG/Magnetics F41206-TC). The rectifying 
diode at the output of the current transformer can be a 
1 N4148 for secondary currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to sense 
the switch current, the sensed signal has to be amplified to 
the proper level before it is applied to the ML481 2. 

The value of the ramp compensation (SCpwm) as seen at 
the inverting terminal of the PWM comparator is: 



SO 



2.5xR v 



PWM" 



R T x C T x R sc 



(11) 



The required value for Rsc can therefore be found by 
equating: 

SCpwm = A SC x $PWM 
where A$c is the amount of slope compensation and 
solving for Rsc- 

The value of Rm (pin 2) depends on the selection of Rp 
(pin 6) 



R T =- 



1.36 



1.36 



f OSC x C T 



100KHzx1000pF 



(8) 



= 1 3. 6KQ choose R T =14KQ. 



CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4812 is provided internally. 
Rather than adding slope to the noninverting input of the 
PWM comparator it is actually subtracted from the voltage 
present at the inverting input of the PWM comparator. The 
amount of slope compensation should be at least 50% of 
the downslope of the inductor current during off time as 
reflected to the inverting input of the PWM comparator. 
Note that slope compensation is required only when the 
inductor current is continuous and the duty cycle is more 
than 50%. The downslope of the inductor current at the 
verge of discontinuity can be found using the expression 
given below: 



dt 



V INDRY 380V -20V 



2mH 



0.18A/M-S (9) 



The downslope as reflected to the input of the PWM 
comparator is given by: 



, V OUT~ V INPRY x Rs 



^T 00) 



Rp 



V, N (max) PEA|< = 260x1.414 : 
l S i NE (peak) 0.5mA 



Rm — : 



V r 



V, N (min)p 



, 4.9X750K , 
90x1.414 



:750K 



= 28.8K 



(12) 



(13) 



The peak of the inductor current can be found 
approximately by: 

W = 1 - 414XP ° UT = M14X200 =3.14A (14 ) 
LPEAK V IN (min) RMS 90 (14) 

Selection of Nc which depends on the maximum switch 
current, assume 4A for this example is 80 turns. 



. V CLAMP x N C . 



.4.9x80 



«L, 



= 100ft 



PEAK 



(15) 



Where Rs is the sense resistor, and Vclamp ' s tne current 
clamp at the inverting input of the PWM comparator. This 
clamp is internally set to 5V. In actual application it is a 
good idea to assume a value less than 5V to avoid 
unwanted current limiting action due to component 
tolerances. In this application Vclamp wa s chosen as 4.9V. 

Having calculated Rs the value Spwm ar, d of Rsc can now 
be calculated: 



D PWM 



= 3§OV z 2O x 10O = o.225V/ms 
2mH 80 
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2.5xR. 



X SC 



^SC x SpWM X Rj x ^-T 



R« 



2.5X28.8K 



= 33K 



(16) 



SC 0.7 x (0.225 x 1 6 ) x 1 4K x InF 
The following values were used in the calculation: 



R M : 
R T = 



: 28.8K 
14K 



A SC = 0.7 
C T =1nF 



VOLTAGE REGULATION COMPONENTS 

The values of the voltage regulation loop components are 
calculated based on the operating output voltage. Note 
that voltage safety regulations require the use of sense 
resistors that have adequate voltage rating. As a rule of 
thumb if 1/4W resistors are available, two of them should 
be used in series. The input bias current of the error 
amplifier is approximately 0.5uA, therefore the current 
available from the voltage sense resistors should be 
significantly higher than this value. Since two 1/4W 
resistors have to be used the total power rating is 1/2W. 
The operating power is set to be 0.4W then with 380V 
output voltage the value can be calculated as follows: 



R 1 =(380V) 2 /0.4W = 360K 
Choose two 1 78K, 1 % connected in series. 
Then R2 can be calculated using the formula below: 



(17) 



Ro 



:XR, 



= 5Vx356K =1717K 
380V -5V 



(18) 



Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for the 
error amplifier. The voltage loop bandwidth should be set 
such that it rejects the 120Hz ripple which is present at 
the output. If this ripple is not adequately attenuated it will 
cause distortion on the input current waveform. Typical 
bandwidths range anywhere from a few Hertz to 15Hz. 
The main compromise is between transient response and 
distortion. The feedback capacitor can be calculated using 
the following formula: 



Cp=- 



1 



Q = - 



1 



3.142x356Kx2Hz 



= 0.44uf 



(19) 



OVERVOLTAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no interaction 
with the voltage control loop. Typically it should be set to 
a level where the power components are safe to operate. 
Ten to fifteen volts above Vqut seems to be adequate. 
This sets the maximum transient output voltage to about 
395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R4 = 356K then R5 can 
be calculated as: 



Rq 



v OVP ~ V REF 



, 5VX356K . 
"395V-5V" 



:4.564K 



(20) 



Choose 4.53K, 1%. 

Note that Rj, R2, R4 and R5 should be tight tolerance 
resistors such as 1 % or better. 

CONTROLLER SHUTDOWN 

The ML4812 provides a shutdown pin which could be 
used to shutdown the IC. Care should be taken when this 
pin is used because power supply sequencing problems 
could arise if another regulator with its own bootstrapping 
follows the ML4812. In such a case a special circuit 
should be used to allow for orderly start up. One way to 
accomplish this is by using the reference voltage of the 
ML481 2 to inhibit the other controller IC or to shut down 
its bias supply current. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The ML4812 can be started using a "bleed resistor" from 
the high voltage bus. After the voltage on pin 1 3 (Vcc) 
exceeds 1 6V, the IC starts up. The energy stored on the 
330jliF, C1 5, capacitor supplies the IC with running power 
until the supplemental winding on L1 can provide the 
power to sustain operation. 

The values of the start-up resistor R1 and capacitor C1 5 
may need to be optimized depending on the application. 
The charging waveform for the secondary winding of LI is 
an inverted chopped sinusoid which reaches its peak 
when the line voltage is at its minimum. In this example, 
C9 = 0.1 uf, C15 = 330U.F, D8 = 1N4148, R10 = 39K, 2W. 

ENHANCEMENT CIRCUIT 

The theory of operation of the power factor enhancement 
circuit (inside the dotted lines) in Figure 11 is described in 
Application Note 11 in detail. It improves the power factor 
and lowers the input current harmonics. Note that the 
circuit meets the proposed IEC 555 specifications (with the 
enhancement) on the harmonics with a large margin while 
correcting the input power factor to better than 0.99 under 
most steady state operating conditions. 

CONSTRUCTION AND LAYOUT TIPS 

High frequency power circuits require special care during 
breadboard construction and layout. Double sided printed 
circuit boards with ground plane on one side are highly 
recommended. All critical switching leads (power FET, 
output diode, IC output and ground leads, bypass 
capacitors) should be kept as small as possible. This is to 
minimize both the transmission and pick-up of switching 
noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is due 
to fast changing (high di/dt) circulating switching currents. 
The main source is the loop formed by Q1 , D5, and 
C3-C4. Therefore this loop should be as small as possible, 
and the above capacitors should be good high frequency 
types. 



7-48 



%,Micro Linear 



ML4812 



The second form of noise coupling is due to fast changing 
voltages (high dv/dt). The main source in this case is the 
drain of the power FET. The radiated noise in this case can 
be minimized by insulating the drain of the FET from the 
heatsink and then tying the heatsink to the source of the 
FET with a high frequency capacitor (Ch in Figure 11). 



The IC has two ground pins named PWR GND and Signal 
GND. These two pins should be connected together with 
a very short lead at the printed circuit board exit point. In 
general grounding is very important and ground loops 
should be avoided. Star grounding schemes are preferred. 



Component Values/Bill of Materials for Figure 11 



Reference 


Description 


C1,C4 


1u.F, 630V FILM (250 VAC) 


C3,C H 


6.8nF 1 KV Ceramic disk 


C5, C6 


680uJ 200V Electrolytic 


C8, C9 


0.1 jxF 50V Ceramic 


C10, C19 


1 U.F 50V Ceramic 


C11 


0.001 of 50V Ceramic 


C15 


330uF 25V Electrolytic 


C16 


100U.F 25V Electrolytic 


C17 


10uT 25V Electrolytic 


C F 


0.47^iF 50V Ceramic 


Ct 


0.002U.F 50V Ceramic 


D1, 02,03, D4, D10 


1 N5406 (Motorola) 


D5 


MUR850 (Motorola) 


D6, D8, D9 
011,012,013 


1N4148 


F1 


5A 250V 3AG with clips 


IC1 


ML481 2CP (Micro Linear) 


L1 


2mH, 4A Ipeak (see below) 


Q1 


IRF840orMTPN8N50 



Reference 


Description 


Q2 


LM7815CT 


Q3 


2N2222 or equivalent 


R1A, R1B, R4A, R4B 


180KQ 


R2A, R5A 


10KQ TRIMPOT BOURNS 3299 
or equivalent 


R2B, R5B 


3.9KQ 


R3, R13 


22KQ 


R6, R7, RPB 


150KQ 


R10 


39KQ, 2W 


R11 


33KQ 


R12 


1KQ 


RG 


10Q 


RM 


27K£2 


RPA, R1 5 


360KQ 


RS 


100KQ 


RSC 


33KQ. 


RT 


7.5KQ 


T1 


SPANG F41206-TC 

N s = 80, N P = 1 (see attached) 



Notes: All resistors 1/4W unless otherwise specified. Some reference designators are skipped (e.g. C2, C12, etc.) and do not appear on the schematic. These designators 
were used in previous revisions of the board and are not used on this revision. Additional information on key components is included in the attached appendix. 
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Magnetics Tips (Refer to Figure 11) 

L1 — Main Inductor: 

One of several toroidal cores can be used for L1 : 



Material 


Manufacturer 


Part# 


Turns (#24AWG) 


Powdered Iron 


Mlcrometals 


T225-8/90 


200 


Powdered Iron 


Mlcrometals 


T1 84-40 


120 


Molypermalloy 


SPANG (Mag. Inc.) 


58076-A2 (high flux) 


180 



The T1 84-40 core above is the most economical, but has 
lower inductance at high current. This would yield higher 
ripple current and require more line EMI filtering. The 
value for RSC (slope compensation resistor on Pin 7) was 
calculated for the T225-8/90 and should be recalculated 
for other inductor characteristics. Selected pages of the 
Micrometals iron powder core data sheets are attached for 
your convenience. The core manufacturer also has 
additional applications literature available. 

A gapped ferrite core can also be used in place of the 
powdered iron core. One such core is a Ferroxcube core 
#4229PL00-3C8. This is an un-gapped core. Using 145 
turns of #24 AWG wire, a total air gap of 0.1 80" is 
required to give a total inductance of about 2mH. Since 1/ 
2 of the gap will be on the outside of the core and 1/2 the 
gap on the inside, putting a 0.09" spacer in the center will 
yield a 0.1 80" total gap. To prevent leakage fields from 
generating RFI, a shorted turn of copper tape should be 
wrapped around the gap as shown below: 



COPPER FOIL 
SHORTED TURN 




T1 — Sense Transformer 

In addition to the core type mentioned in the parts list, the 
following Siemens cores should be suitable for 
substitution and may be more readily available in Europe. 



Material 


Size Code 


Part# 


N27 


R1 6/6.3 


B64290-K45-X27 


N30 


R1 6/6.3 


B64290-K45-X830 



The N27 material is for high frequency and will work 
better above 100KHz but both are adequate. In addition, 
Ferroxcube/Phillips Magnetics core 768T188-3C8 can be 
used. 

U.S. Core Vendors: 



Manufacturer 


Phone Number 


SPANG/Magnetics Inc. 


(412)282-8282 


Micrometals 


(800) 356-5977 


Ferroxcube/Phillips Magnetics 


(818)998-7311 



For production, a gapped center leg can be ordered from 
most core vendors, eliminating the need for the external 
shorted copper turn when using a pot core. 
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C1 
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C3 
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ENHANCEMENT CIRCUIT SEE TEXT 
R1 R2 

-^VW Wv-r 1 




D5 MUR3050 



+? — t — 

-p.15nF -pIS^F 
630V 630V 



^fi^fMH^ 



-J- C12 

T 1 ^ F 

-TT630V 



CIO 

680fiF 

250V 

C11 V OUT 
!680^F 
250V 



NOTES: 

1. ALL UNSPECIFIED DIODES ARE 1N4148. 

2. ALL UNSPECIFIED RESISTORS ARE 1/4 WATT. 

3. ALL UNSPECIFIED CAPACITOR VOLTAGE RATINGS ARE 50V. 

4. ADJUST R 2 a AND R 5 a WITH CAUTION TO AVOID OVER VOLTAGE CONDITIONS. 

Q 3 = 2N2222 OR EQUIVALENT. 



AT INITIAL TURN-ON TO CHECK 
THE IC FOR PROPER OPERATION, 
APPLY = 16VDC. 

FIXED RESISTORS CAN BE USED FOR THE SENSING 
COMPONENTS. BELOW ARE 1% STANDARD 
RESISTORS THAT WILL FORCE THE CORRECT 
OUTPUT VOLTAGES R1 A, R1 B, R4A, R4B = 178K 1 %, 
R2B = 4.75 1 %, R5B = 4.53K 1 %. 
USE JUMPERS INSTEAD OF R2A AND R5A (POTS). 

FOR HIGHER POWER USE MORE Vcc DECOUPLING. 



00 



hJ 



i 



ML4812 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4812CP 
ML4812CQ 


0°C to +70°C 
0°C to +70°C 


Molded DIP (P1 6) 
Molded DIP (Q20) 


ML4812IP 
ML4812IQ 


-40°C to +85°C 
-40°C to +85°C 


Molded DIP (PI 6) 
Molded DIP (Q20) 


ML4812MJ 


-55°Cto+125°C 


Hermetic DIP (J1 6) 
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ML4812EVAL 



Power Factor Controller Evaluation Kit 



GENERAL DESCRIPTION 

The ML481 2EVAL kit provides a convenient vehicle to 
evaluate the ML4812 Power Factor Correction circuit. The 
board implements a 200W "boost" type power factor 
correction system. Special care has been taken in the 
layout of this PC board to provide adequate space for 
probes and a large area for ground plane to increase 
system noise immunity. 

This kit includes a blank PC board, schematic of a 
complete power factor correction system and 
specifications for the key external components necessary 
to build a prototype Power Factor Correction front end. 
The unit is designed to operate over 90VAC to 256VAC 
line range and can run from no load to a full 200W. 
Higher power levels can be achieved using this board by 
using larger external components. 

This boost mode converter is set to run with a 380V 
output and achieves power factors of better than .99 over 
a wide range of input line and output load. 



FEATURES 

■ Power Factor > .99 

■ Harmonic currents well below proposed IEC555-2 
limits. 

■ 90 to 256VAC input, 380V output to 200W 

■ 380VDC output to 200W 

■ Over-Voltage Protection 

■ Peak Current sense circuit protects Power MOSFET 

■ PC board and ML481 2CP controller included 

■ Line and Load regulation better than 2% 

■ Complete documentation and applications information 

KIT COMPONENTS 

■ User's Guide 

■ ML4812 Datasheet 

■ ML481 2 Sample 

■ Evaluation Board 

■ Powder Iron Toroidal Core 



BLOCK DIAGRAM 



ML4812 

POWER 

FACTOR 

CONTROLLER 



■sense 



-€► 



V OUT+ 



-©- 



ML4812 EVALUATION BOARD 



PWM 
CONVERTER 



&' 
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ML4813 



Flyback Power Factor Controller 



GENERAL DESCRIPTION 

The ML4813 is designed to optimally facilitate a 
discontinuous "flyback" or "buck-boost" type power 
factor correction system for low power, low cost 
applications. Special care has been taken in the design 
of the ML4813 to reject system noise. The circuit 
includes a precision reference, oscillator, error 
amplifier, over-voltage comparator, over-current 
comparator, and an extra op-amp as well as a high 
current output. In addition, start-up is simplified by an 
under-voltage lockout circuit with 6V hysteresis. 

In a typical application, the ML4813 functions as a 
voltage mode regulator. By maintaining a constant duty 
cycle, the current follows the input voltage, making the 
impedance of the entire circuit appear purely resistive. 
With the flyback circuit, power factors of .99 are easily 
achievable with a small output inductor and a 
minimum of external components. 



FEATURES 

■ Precision buffered 5V reference (±1%) 

■ Extra op-amp for output voltage instrumentation 
amplifier 

■ Over Current comparator for switch protection 

■ Soft Start and 6V hysteresis under-voltage lockout 
for easy low surge off-line starting 

■ 1 A Peak Current Totem-Pole Output Drive 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Large oscillator amplitude for better noise 
immunity 

APPLICATIONS 

■ PC power supplies 

■ Lamp Ballasts 



BLOCK DIAGRAM (Pin out shown is for DIP) 




-LU 



-a 



■B 



UNDER 
VOLTAGE 
LOCKOUT 



5V Vref 



v cc4 



m 



=Oo-^V-oyii 



% 



SIGNAL GND 



c f® 
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PIN CONFIGURATION 





ML4813 
16-Pin DIP 




16-PIN DIP 


l(LIMIT) 


[ 




16 


] cm 


SOFT START 


[ 


2 


15 


] SIGNAL GND 


COMP 


[ 


3 


14 


] 5V Vref 


V(FB) 


[ 


4 


13 


]v cc 


OVP 


[ 


5 


12 


] OUT 


OAOUT 


C 


6 


11 


] PWR GND 


OA- 


[ 




10 


] SYNC 


OA+ 


[ 


8 


9 


]RO 






TOP VIEW 





ML4813 
16-Pin SOIC 



l(LIMIT) QI 1 

SOFT START CH 2 

COMP HZ 3 

V(FB) DC 4 

ovp DC 5 

OAOUT [X 6 
OA- DC 7 
OA+ CC 8 



16 T2 C(T) 
15 U SIGNAL GND 
14 U 5VVREF 
13 JO Vcc 
12 U OUT 
11 I] PWR GND 
10 HI SYNC 
9 HU R(T) 



PIN DESCRIPTION (DIP) 

PIN tt NAME FUNCTION 

1 l(LIMIT) Current limit sense pin. Normally 

connected to sense resistor. When 
this pin exceeds 1V, the PWM 
cycle is terminated. 

2 SOFT START Normally connected to a Soft Start 

capacitor. 

3 COMP Output of error amplifier and 

input to PWM comparator. 

4 V(FB) Control loop feedback voltage. 

5 OVP Input to over voltage comparator. 

6 OA OUT Output of uncommitted op-amp. 

7 OA- Negative input of uncommitted 

op-amp. 

8 OA+ Positive input of uncommitted 

op-amp. 



PIN tt 



NAME 



FUNCTION 



9 R(T) Oscillator timing resistor pin. A 5V 

source sets a current in the 
external resistor which is mirrored 
to charge C(T). 

10 SYNC Input used to synchronize the 

oscillator to an external source. 

11 PWR GND Return for the High Current 

Totem pole output. 

12 OUT High Current Totem pole output. 

13 Vcc Positive Supply for the IC. 

14 5V V REF Buffered output for the 5V voltage 

reference. 

15 SIGNAL GND Analog signal ground. 

16 C(T) Timing Capacitor for the Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Current (l cc ) 40mA 

Output Current, Source or Sink (Pin 12) 

DC 1.0A 

Output Energy (capacitive load per cycle) 5/uJ 

Error Amp Sink Current (pin 3) 10mA 

Oscillator Charge Current 5mA 

Analog Inputs (pins 1, 3-8) -0.3V to 5.5V 



Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (0j A ) 
Plastic DIP or SOIC 65°C/W 

OPERATING CONDITIONS 

Temperature Range 
ML4813C 0°C to 70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj - 14KO, Or = 1000pF, Ta = Operating Temperature Range, Vcc = 15V (Note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj - 25°C 


90 


97 


104 


KHz 


Voltage Stability 


12V < V cc < 18V 




0.3 




% 


Temperature Stability 






2 




% 


Total Variation 


line, temp. 


88 




108 


KHz 


Ramp Valley 






1.0 




V 


Ramp Peak 






4.3 




V 


R(T) Voltage 




4.8 


5.0 


5.2 


V 


Discharge Current (pin 8 open) 


Tj = 25°C, V PIN 16 = 2V 


75 


8.4 


9.3 


mA 




Vp,n 16 - 2V 


7.2 


8.4 


9.5 


mA 


Sync Pulse Threshold 




.8 


1.4 


2.0 


V 


Sync Input Bias Current 






350 


800 


M 


Reference Section 


Output Voltage 


Tj = 25°C, l = 1mA 


4.95 


5.00 


5.05 


V 


Line Regulation 


12V < V cc < 25V 




6 


20 


mV 


Load Regulation 


1mA < l < 20mA 




3 


20 


mV 


Temperature Stability 






.4 




% 


Total Variation 


line, load, temp. 


4.9 




5.1 


V 


Output Noise Voltage 


10Hz to 10KHz 




50 




//v 


Long Term Stability 


Tj = 125°C, 1000 Hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-30 


-85 


-180 


mA 


Error Amplifier Section 


Input Offset Voltage 




-15 




15 


mV 


Input Bias Current 






-0.1 


-1.0 


M 


Open Loop Gain 


1 < V PIN 3 < 5V 


60 


75 




dB 


PSRR 


12V < V cc < 25V 


60 


70 




dB 


Output Sink Current 


Vpin3-1.1V, V PIN4 = 6.2V 


2 


12 




mA 


Output Source Current 


V PIN 3 = 5.0V, V PIN 4 = 4.8V 


-0.5 


-1.0 




mA 


Output High Voltage 


l PIN 3 = -0.5mA, V PIN 4 = 4.8V 


5.3 


6.4 




V 


Output Low Voltage 


■pin 3 - 2mA, V PIN 4 = 6.2V 




0.5 


1.0 


V 


Unity Gain Bandwidth 






1.0 




MHz 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KQ, Cr = 1000pF, T A = Operating Temperature Range, Vcc = 15V (note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Un-Committed Op Amp 


Input Offset Voltage 




-10 




10 


mV 


Input Bias Current 






-0.1 


-2.0 


A/A 


Input Offset Current 




-0.35 




0.35 


A/A 


Open Loop Gain 






90 




dB 


PSRR 




80 


125 




dB 


Output High Voltage 


IpiN 3 " -10mA 


6.5 


8 




V 


Output Low Voltage 


Rmpin 6) = 10KQ 




.2 


.5 


V 


l(LIMIT) Comparator 


Input Trip Point 


Output Off 


.8 


1.0 


1.2 


V 


Input Bias Current 






-2 


-15 


//A 


Propagation Delay 






150 




nS 


OVP Comparator 


Input Trip Point 


Output Off 


5.5 


5.6 


5.7 


V 


Hysteresis 


Output On 




100 




mV 


Input Bias Current 






-0.3 


-3 


A/A 


PWM Comparator 


Input Common Mode Range 




-0.2 




5.5 


V 


Input Bias Current 






-2 


-10 


//A 


Propagation Delay 






150 




nS 


Soft Start Section 


Soft Start Current (pin 2) 


V p ,n 2 - 1V 


40 


60 


80 


//A 


Output Section 


Output Voltage Low 


Iqut - 10mA 




0.1 


0.4 


V 




Iqut = 200mA 




1.2 


2.2 


V 


Output Voltage High 


Iout - -20mA 


13 


13.6 




V 




'out = -200mA 


12 


13.4 




V 


Output Voltage Low in UVLO 


Iqut = 5mA, V cc = 8V 




0.1 


0.8 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




nS 


Under-Voltage Lockout 


Start-up Threshold 




15 


16 


17 


V 


Shut-Down Threshold 




9 


10 


11 


V 


Vref Good Threshold 






4.4 




V 


Total Device 


Supply Current 


Start-up, V cc = 14V 




.9 


1.5 


mA 




Operating 




20 


30 


mA 


Internal Shunt Zener Voltage 


l cc = 30mA 


25 


30 


34 


V 



Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: V cc is raised above the Start-up Threshold first to activate the IC, then returned to 15V. 
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FUNCTIONAL DESCRIPTION 



OSCILLATOR 

The ML4813 oscillator charges the external capacitor 
(Cr) with a current (Iset) equal to 5/Rset- When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 



where: 



and: 



T osc = Tramp + t deadtime 

Tramp = C (Ramp Valley to Peak) -r- l SET 

Tdeadtime = C (Ramp Valley to Peak) -r- 
(8.4mA - I S et) 



A pulse of a duration shorter than T DEAD time fr° m an 
external frequency source set to a higher frequency 
than fosc can De applied to pin 10 to synchronize the 
oscillator. R(SYNC) and C(SYNC) shorten longer pulses. 



EXTERNAL CLOCK 

| C(SYNO svnc 



I 




Jl 



OUTPUT DRIVER STAGE 

The ML4813 Output Driver is a 1A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. 



S-u 



5 3.0 



O 



200 400 600 8W 

lO, OUTPUT LOAD CURRENT (mA) 

Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4813 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 





Vcc/ 


1 ! T 

SOURCE SATURATION 
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. 


1 






































y 
















"" > 






T A = -55°C 
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Figure 1. Oscillator Block Diagram 
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Figure 2. Oscillator Timing Resistance vs. Frequency 



Figure 4. Error Amplifier Configuration 




1.0K 10K 100K 

f, FREQUENCY (Hz) 

Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 
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UN-COMMITTED OP-AMP 

The ML4813 contains an un -committed op-amp which 
is normally configured as a differencing amplifier to 
sense the output voltage. The output voltage in the 
flyback configuration is not ground referenced. The op- 
amp in the ML4813 is a PNP input amplifier similar to 
the LM324 but with an open emitter output stage (class 
A). 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4813 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V. When 
Vcc drops below 10V, the UVLO condition is imposed. 
During the UVLO condition, the 5V V RE p pin is "off", 
making it usable as a "flag" for starting up a down- 
stream PWM converter. 



~a 




Figure 6. Under-Voltage Lockout Block Diagram 
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Figure 7. Reference Load Regulation 
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Figure 8. Total Supply Current vs. Supply Voltage 

APPLICATIONS 

The ML4813 is used to implement a discontinuous 
mode flyback (buck-boost) power factor regulator. This 
topology is particularly well suited for low power 
applications such as: fluorescent ballasts; and low power 
switching supplies. Also it is a useful topology when 
there is a requirement for the output voltage to be 
lower than the peak input voltage, or where an isolated 
output is required. This is not possible with the boost 
topology, where the output voltage must always be 
higher than the maximum peak of the input voltage 
range. The typical input range for the flyback power 
factor regulator is from 90 VAC to 260 VAC. 

The regulator operates in the discontinuous inductor 
current conduction mode. The inductor energy stored 
during the "ON" time of the power switch Q is 
completely delivered to the output capacitance during 
the "OFF" time. At steady state conditions, the inductor 
current at the beginning of the "ON" time starts to 
ramp-up from Amps to a value that is determined by 
the instantaneous value of the input full wave rectified 
voltage; the "ON" time as it is set by the error amplifier 
and the PWM comparator; and finally by the inductor 
itself (L). 



=oC 



RFI 
FILTER 



BRIDGE 

-M- 

RECTIFIER 



G_ 



RL1 RH1 ' 



rAA/v+AVv--^' 1' 

— 1 " 3 LI d=. C1 



CONTROL 
CIRCUIT 
(ML4813) 



RL2 |RH2 
pVA4-^VW 



-O Vqut- 



)V UT+ 



Figure 9. Block Diagram of the Regulator 



Micro Linear 



7-59 



ML4813 



The expression for the inductor peak current is given 
by: 

w = \W^on (1) 

Where: 

Il(0) = The instantaneous peak inductor current. 
toN = Power switch "on" time. 
V|n(#) = V P sin 6 = Instantaneous Input Voltage. 
Vp = Input Peak Voltage. 

Figure 10, is a diagram of the relationship between the 
low frequency envelope and the high frequency 
inductor current. Note that for clarity the scale between 
the two waveforms has not been preserved. Normally 
for 60Hz input line and 100KHz switching frequency 
each half of the sine wave contains approximately 833 
high frequency triangular waveforms. 




INDUCTOR CURRENT SINUSOIDAL PEAK ENVELOPE 

SWITCH CURRENT AVERAGE CURRENT 

Figure 10. Switch and Line Currents in the 
Flyback PFC Circuit 

The envelope of the peaks of the switch current, which 
in this case represent the current drawn from the input 
source, have a sinewave shape. This relationship is 
shown as: 



l L (0) = l P sin 6 



(2) 



Combining (1) and (2) the following useful relationship 
is obtained: 



toN 



Lip 



(3) 



\/2 V R ms 

Note that V| N (0) = V P sin 0, and also V P = \fl V RMS . The 
average value of the input triangular current is: 



Uvdfl-^ Ipsin0 



(4) 



Where: 



Uvc = Average value of the switch current. 

This is the value of the current at the input of 

the regulator after filtering. 

toN = Switch "on" time. 

T = Period of the switch cycle. 

Substitution of (3) into (4) yields. 
Lip 2 

, {0) = H s|n Q (5) 

2.828 T V RMS 



Equation (5) clearly shows that the average value of the 
switch current is sinusoidal and in phase with the input 
voltage. The peak value of the average current is: 

LIp 2 
UvG(PEAK) - sin B (6) 



Also: 



UVG(PEAK) = 



2.828 T V RMS 



V2P|N 



Vrms 
Solving equations (7) and (6) for Pin: 

Pin -t L, P 2f 



(7) 



(8) 



For optimum performance and the lowest inductor 
peak currents, the inductor current should be at the 
verge of continuity at the lowest operating voltage 
point and at full load. The above can be satisfied if: 

l P < V|nV ° UT (9) 

f L(V IN + Vqut) 

Where: V, N = yjl x V, N M in (RMS) 

Finally (8) and (9) can be combined to derive an upper 
bound for the inductor value that will guarantee that 
the regulator always stays in the discontinuous mode of 
operation. If the regulator were to operate in the 
continuous mode the average input current would not 
be sinusoidal. 



L< 



V IN VquT 



/f p, N (V, N + Vqut) 



(10) 



FLYBACK INDUCTOR CALCULATION 



Equation (10) gives the upper bound for the inductor 
value for any set of specified operating conditions. 
Normally a few iterations may be required, for finalizing 
the value. The reason for this is that equation (10) does 
not contain parameters to correct for second or third 
order effects. All this means that a good initial value for 
the inductor is probably 10 to 20% lower than the value 
calculated by the right hand side expression in (10). 

Several core materials are candidates for the inductor, 
such as: powder iron cores, gapped ferrites, moly 
permalloy cores, etc. In the application that will be 
described later, a gapped ferrite core is used. 

There are no particular restrictions on the inductor 
except that the inductance is of correct value and the 
losses are acceptable. 

INPUT BYPASS CAPACITANCE 

The triangular high frequency current is bypassed by 
the input capacitor (Q) labeled C7 in Figure 12. This is a 
high quality film capacitor with low ESR value for 
minimum losses and heating. A polyester, 
polypropylene or x-type (for line side) is a good 
candidate. Typical values, depending on the power 
level, can range anywhere from 0.33//F to 1.5//F. The 
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next filtering stage of the RFI filter which has an 
inductor as input isolates Cj from the other capacitors 
which may be present at the input circuit. Note that Q 
(Cj) can be on either side of the bridge rectifier. The 
preferred location for low crossover distortion is at the 
input side. The voltage ripple across this capacitor is: 

D /P"N V^ P 'N 
UKK) C,f V Lf QfV, N 

Where: 

Vqp-P) = P ea k to P ea ^ worst case high 
frequency capacitor voltage. 
D = Switch Duty Cycle. 

Therefore the RFI filter that follows has to be able to 
attenuate Vqp-P) to the levels set by the relevant 
regulatory specifications. 

INPUT TRANSIENT OVERVOLTAGE PROTECTION 

Careful examination of the power circuits reveals that 
there is no large capacitance at the input of the 
regulator. The only capacitances present are the RFI 
filter capacitors. These capacitors have a combined 
value in the range of a couple of microfarads. Thus 
their ability to absorb and minimize any line induced 
transients is almost non existent. Transients can occur 
also under sudden load removal. If the line impedance 
is inductive, hazardous drain source voltages may be 
generated leading to the destruction of the power 
switch. To keep this from happening a transient over- 
voltage protection device should be chosen such that 
enough safety margin is allowed for the power switch. 
A good rule of thumb is: 



B VDSS > V ZA + V OUT(OVP) 



(12) 



Where: 



Bvdss = Drain-Source breakdown voltage for 

the FET. 

Vza = Activation or clamping voltage of the 

over-voltage transient protector. 

Vqukovp) = Maximum output voltage. This is 

set by the OVP function of the controller, and 

will be covered later. 

THE OUTPUT CIRCUIT 

The output circuit for this topology, although it is non- 
isolated, does not share the same ground with the 
power circuit. Therefore connecting the two grounds 
with the measuring leads of instruments should be 
avoided. This is a common mistake especially with the 
oscilloscope leads. 

The output voltage "rides" on the input voltage when 
the (+) output is measured with respect to PGND 
(figure 11). 

The extra OP-AMP provided in the ML4813 is used to 
sense the output voltage for regulation and over 
voltage conditions. This op-amp is connected as a 
difference amplifier with its output referenced to 
PGND. Resistors RH1, RH2, RL1, RL2 are used to scale 
down the voltage. 




Figure 11. Output Voltage with Respect to PGND 

Normally RH1 = RH2 = RH and RL1 = RL2 = RL Then 
the voltage designated as V s in Figure 9 is given by: 

RL 

V S - Vout (13) 

b RH + RL 

OUTPUT CAPACITANCE 

The output capacitance should be calculated such that 
it has the required output ripple at the worst case 
operating point. In addition the ESR should be 
sufficiently low to prevent dissipation due to RMS 
currents. The first criterion can be met by choosing the 
value of the output capacitor based on the following: 

P|N 

C > _ (14) 



27rf L AV R Vqut 



Where: 



C = Total output capacitance. 

Pin = Total input power. 

AVr = Peak output capacitor ripple voltage. 

Vout = Output Voltage. 

fL = Line Frequency times 2 (120 for 60Hz line). 

The second criterion for the selection of the output 
capacitor can be satisfied by choosing a component 
with adequately low ESR value, that can safely bypass 
the RMS currents. 

OUTPUT DIODE 

The output diode can be a "fast" or ultrafast" type 
depending on the operating frequency. Reverse 
recovery losses are low since at steady state and under 
normal operating conditions the regulator operates in 
discontinuous current mode. The diode should be 
rated to handle the output current. The resulting power 
dissipation will be the forward drop of the diode times 
the output current. 

POWER SWITCH 

If a power FET is used, it should be sized for the 
required efficiency. Lower Rds(ON) devices will yield 
lower losses, but if they are operated at high 
frequencies OOOKHz) higher charge dumping losses (1/2 
Cos Vqs 2 f) will be experienced. The RMS current value 
through the power FET and the sensing resistor is: 



fij^, Micro Linear 



7-61 



22 



i 



00 

I 

Zl 

f 



t 




ML4813 



'RMS 



V3V2V R MS Vi< 



kn 



(15) 



Where: 



'rms = Total RMS current through the power 
FET and sense resistor. 

^ = Line Frequency times 2 (120 for 60Hz line), 
r - ^SWITCH^L- 

Table 1 is provided to assist in calculating (15) above. 
When the power switch is a bipolar transistor (constant 
V C e drop) then the power dissipation produced can be 
calculated by using (16): 

0.9 P| N 

P D = — — V CE (16) 



V RMS 



Where: 



Pd = Power dissipation by the transistor 

(conduction losses). 

Vrms = RMS value of the minimum 

input voltage. 

Vce = Collector Emitter forward drop of 

the power transistor. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

A fast starting circuit is shown in figure 12. MOSFET Q2 
quickly charges the IC's Vcc capacitor (C8) when the 
supply is initially turned on. This allows the supply to 
come on less than 1 second after AC power is applied. 
A simpler start-up circuit may be used which replaces 
the active circuit with a 39KQ 2W resistor but starts 
more slowly (up to 15 seconds under low line 
conditions). Systems which do not require quick 
starting can reduce cost with the latter start-up method. 



Witch 






\/ ^ sin 2 — 


(KHz) 


r 


VkTT r 


20 


167 


9.1 


30 


250 


11.2 


40 


333 


12.9 


50 


417 


14.4 


60 


500 


15.8 


70 


583 


171 


80 


667 


18.3 


90 


750 


19.4 


100 


833 


20.4 


110 


917 


21.4 


120 


1000 


22.4 


130 


1083 


23.3 


140 


1167 


24.2 


150 


1250 


25.0 


160 


1333 


25.7 


170 


1417 


26.5 


180 


1500 


27.3 


190 


1583 


28.0 


200 


1667 


28.9 



Table 1. Figures for Calculating Irms feq» 15) 



POWER FACTOR ENHANCEMENT 

Some combinations of line and load may exhibit 
distortion of the input current waveform. This distortion 
is usually caused by the inductor "ringing" with the 
Cqs of the power MOSFEX resulting in a non-zero 
inductor current at the beginning of the next cycle. 
This ringing can be dampened by using R2 and D7 in 
figure 12. Applications which can get by with slightly 
worse power factor can eliminate these components. 

ADJUSTING THE OUTPUT VOLTAGE 

The error amplifier creates an error voltage from the 
difference between the output voltage presented on 
pin 6 and the 5V internal reference. Since the output 
voltage is not ground referenced, the ML4813's internal 
op-amp is connected as an instrumentation amplifier 
(figure 13). 

The output voltage is set by a combination of resistors 
which determine the relationship between (Vqut + - 
Vqut - ) an d the output of the op-amp (pin 6). For the 
following discussion, R15' = R15 + R16 and R14' = R14 + 
R13. The differencing amplifier operation depends on 
the following relationships: 



R15' = R14' 
and 
R12 = R25 + (R18 || 



R17) 




Figure 13. Ground Referencing the Output Voltage 



Then: 



Vqut : 



5V x R18 



R15' 



R17 + R18 / \ R15' + R25 / \ R12 



R14' 



+ 1 



Since R25 is a low value compared to R15', the second 
term reduces to approximately 1. The third term is set 
at approximately 200. Therefore the above equation 
reduces to: 



Vqut - 1000 x 



R18 



R17 + R18 



The over voltage comparator has a threshold that is set 
for 1.12 x Vqut when pin 5 and pin 6 are connected 
directly. Figure 14 shows the connection for setting an 
OVP trip point higher than 1.12 x V ut, where: 
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i — w\ — *■ 



Figure 14. Setting OVP for a Vqvp > 1.12 x Vqut 
RA + RB\ 



Vqvp = 1.12 x Vqut x 



I — wv 



RB 




Figure 15. Setting OVP for a Vqvp < 1.12 x V OU t 

Figure 15 shows OVP set for a voltage lower than 1.12 x 
Vqut where: 

Vqvp = 1.12 x Vqut x ( — ^~ ] 

INDUCTOR INFORMATION 

L3 is the flyback inductor and also provides the 
operating power for the control circuitry. A gapped 
ferrite pot core was chosen for this application for it's 
modest high frequency losses with high ripple current 
operation. Some possible choices are: 



Manufacturer 


Part# 


Total Gap 


N P 


Magnetics Inc. 


F43019 


.05" 


32 


Ferroxcube (Phillips) 


3019 PL00-3F3 


.05" 


32 


Ferroxcube (Phillips) 


3019 PA125-3C8 


.07" 


38 



The first 2 cores are sold ungapped and require the 
use of a .025" spacer to gap the center leg to yield a 
total gap length of .05". If an ungapped core is used, a 
"shorted turn" should be employed as shown below 
(figure 16) to prevent radiated EMI. The third core listed 
is sold with its center leg pre-gapped (.07" total), hence 
the outside of the core closes completely providing 
shielding without the shorted turn being required. N$ 
should be 3 turns. All windings #24AWG wire. 

L1 and L2 inductors are constructed using a powdered 
iron. This is a suitable material for these inductors since 
the high frequency ripple currents (and resulting flux 
excursions) are much less severe than for L3. The core 
selected is: 




SHORTED TURN 
(COPPER FOIL) 



Figure 16. Construction of EMI Shield for Ungapped Cores 



Manufacturer 

MicroMetals 



Part tt 

T68-26D 



Turns 

80T #24AWG 



COMPONENT 


DESCRIPTION 


C1, C2 


0.68//F, 630V 


C3, C5, C6 


.01//F, 1KV 


C4 


330//F, 250V 


C7 


1000pF, 50V 


C8 


1000//F, 16V 


C9 


1*/F, 50V 


C10 


6800pF, 50V 


C11, C14 


0.1//F, 50V 


C12 


4.7//F, 50V 


C13 


0.22/uF, 50V 


D1 thru D4 


1N5406 


D5, D8 


1N4148 


D6, D7 


MUR460 


D9 


22V Zener, 1/4 W 


F1 


3AG, 3A, 250V 


Heat Sink 


Thermalloy 6398-U-P3 


L1, L2 


500//H, 1.5A RMS 


L3 


160//H, 5A peak 


Q1 


MTH8N60 


Q2 


IRF821 


Q3 


2N2222 


R1 


220KQ 


R2, R19, R20 


4.3KO 


R3 


10ft 


R4 thru R9 


1Q 


R10 


100ft 


R11 


1.8Kft 


R12 


4.02KO, 1% 


R13 thru R16 


402KQ, 1% 


R17 


806ft, 1% 


R18 


200ft 


R21 


510Kft 


R22, R23 


2Kft 


R24 


100Kft 


R25 


3.83Kft, 1% 


U1 


ML4813CP 


VR1 


TNR12G431KM 



Note: All resistor values 1/4 W ± 5% unless otherwise specified. All 
capacitor values ±10% unless otherwise specified. 

Table 2. Component Values for Figure 8 



7-64 



3^ Micro Linear 



ML4813 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4813CP 
ML4813CS 


0°C to +70°C 
0°C to +70°C 


Molded DIP (P16) 
Molded SOIC (S16W) 
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ML4815 



Zero Voltage Switching Resonant Controller 



GENERAL DESCRIPTION 

The ML4815 is designed to facilitate zero-voltage 
switched (ZVS) resonant converters requiring constant 
off-time and variable on-time control. Since the power 
MOSFET is turned on at zero voltage in ZVS resonant 
converters, power dissipation due to charge-dumping 
of the MOSFET drain-source capacitance is eliminated, 
allowing high frequency operation and power density 
to be maximized. MOSFET parasitic drain-source 
capacitance can also be used as part of the resonant 
circuit, minimizing component count. 

The ML4815 features a monostable multivibrator for 
precise off-time setting. The on-time is modulated 
through a ramp comparator in a manner similar to 
PWM converters. Either current-mode control with 
maximum on-time clamp or voltage-mode control with 
input feedforward can be selected. 

ML4815 supports pulse-by-pulse (peak) current limiting 
as well as "hiccup" mode for fault protection. The 
controller is designed for operation up to 2MHz. 
ML4815 also includes a wide band error amplifier and 
a high peak current output driver which minimizes 
cross-conduction current. 



FEATURES 

■ Supports Single-Switch ZVS Resonant Topology 
with Minimal External Components 

■ Ideal for Simple, High Density DC to DC 
Converters 

■ Small Converter Frequency Variation from No-Load 
to Full-Load 

■ High Current (2A Peak) Totem-Pole Output Drive 
with Low Cross Conduction 

■ Precision Buffered 5.1V Reference (±2%) 

■ Wideband (5.5MHz), High Slew Rate (12V///S) Error 
Amp. 

■ Under-Voltage Lockout with Low Current Start- Up 

■ Integrating Fault Detection/Soft-Start Reset 



BLOCK DIAGRAM (Pin out shown is for 16-pin DIP) 
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PIN CONNECTIONS 



ML4815 
16-Pin DIP 



ML4815 
20-Pin PCC 




INV REF 

NV | NC | V C C 



E/A OUT [|4 

RAMP [ 5 

NC [ 6 

I(LIM) [ 7 

RdCt [ 8 



9 10 11 12 13 



18 ] V C 

17 ] NC 

16 ] PGND 

15 ] OUT 

14 ] NC 



Rc 



FF RC (RESET) 



PIN DESCRIPTION 

PIN # NAME 



FUNCTION 



INV 

Nl 

E/A OUT 

RAMP 



5 


l(LIM) 


6 


R D C T 


7 


Rc 


8 


FF 



Inverting input to error amp. 

Non-inverting input to error amp. 

Output of error amplifier and 
input to main comparator. 

Non-inverting input to main 
comparator. Connected to pin 8 
for feedforward voltage-mode 
control or to pin 5 for current- 
mode control. 

Current limit sense pin. Normally 
connected to current sense resistor. 

Off-time setting capacitor and 
resistor. 

Resistor to pin 6 to limit Ct 
charging rate. 

Capacitor to generate feedforward 
ramp. 



PIN ft 



14 

15 
16 



NAME 



FUNCTION 



9 


SOFT START 


10 


RC (RESET) 


11 


GND 


12 


OUT 


13 


PGND 



V C 

Vcc 
5.1V REF 



Normally connected to Soft Start 
Capacitor and charging resistor. 

Timing Capacitor for over-current 
integration and restart-delay. 

Analog Signal Ground. 

High Current Totem pole output. 

Return for the High Current 
Totem pole output. 

Positive Supply for the High 
Current Totem pole output. 

Positive Supply for the IC. 

Buffered output for the 5.1V 
voltage reference. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Pins 14, 15) 30V 

Output Current, Source or Sink (Pin 12) 

DC 0.5A 

Pulsed (0.5/ws) 2A 

Analog Inputs (Pins 1, 2, 4, 5, 8, 9, 10) -0.3V to 6V 

Error Amplifier Output Current (pin 3) -5mA 

Soft Start Sink Current (Pin 9) 100mA 

Feedforward Sink Current (Pin 8) 80mA 

C T Charging Current (Pin 7) -50mA 



Junction Temperature 

ML4815C 125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec) +260°C 

Thermal Resistance (0ja) 

Plastic DIP 65°C/W 

Plastic Chip Carrier (PCC) 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4815C 0°C to 70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise noted, these specifications apply for Or = 330pF, Re = 100Q, Rq : 
Ta = Operating Temperature Range. Pin numbers refer to 16-pin DIR 



2KO, V cc - 15V, 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Reference Section 


Output Voltage 


Tj = 25°C, l = 1mA 


5.00 


5.10 


5.20 


V 


Line Regulation 


10V < V cc < 30V 




2 


20 


mV 


Load Regulation 


1mA < l < 10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 125°C, (note 1) 




.2 


.4 


% 


Total Variation 


line, load, temp (note 1) 


4.95 




5.25 


V 


Output Noise Voltage 


10Hz to 10KHz 




50 




IN 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 








20 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Gain 


1 < V < 4V 


60 


96 




dB 


CMRR 


1.5 < V CM < 5.5V 


75 


95 




dB 


PSRR 


12 < V cc < 25V 


75 


110 




dB 


Output Sink Current 


VpiN 3 - 1V 


1 


2.5 




mA 


Output Source Current 


V P ,N 3 - 4V 


-.5 


-1.3 




mA 


Output High Voltage 


I pin 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


•PIN 3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V/fjs 


RAMP Comparator Section 


Pin 4 Bias Current 


Vpin 7 = 




-0.7 




//A 


Pin 3 Zero DC Threshold 


Vp| N 2 ■ 2V, V P | N t « V P | N 3 
V p ,n 5 - 0, V PIN 6 - 1.5V 
V P ,N 8 = 2V 


1.05 


1.20 


1.55 


V 


Delay to Output 


C L = 0, (note 1) 




55 




ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise noted, these specifications apply for Cj = 330pF, Re = 100Q, Rq = 2KQ, V<x : 
Ta = Operating Temperature Range. Pin numbers refer to 16-pin DIR 



15V 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Current Limit Comparator 


Pin 5 Input Bias Current 


< V PIN 5 < 4V 




2 




M 


Current Limit Threshold 






1.41 




V 


Hysteresis 






30 




mV 


Delay to Output 


V PIN10 = 0, C L = 0(note 1) 




50 




ns 


One-Shot Section 


Off-Time Initial Accuracy 


C L = 0, T A = 25°C 




0.45 




fJS 


Off-Time Voltage Stability 


C L = 0, 12V < V cc < 25V 




5 




% 


Off-Time Temperature Stability 


C L = (note 1) 




5 




% 


Off-Time Total Variation 


C L = 0, line, temp (note 1) 




6 




% 


Feedforward/Maximum On-Time Clamp Section 


Discharge Current 


V P ,n 8 - 2.5V 




30 




mA 


On-Time Initial Accuracy 


C FF = 330pF, R FF = 2.7KO to V REF/ 
C L = 




1.0 




//s 


Shutdown /Restart Section 


Pin 10 Charging Current 






-250 




//A 


Overload Shutdown Threshold 






2.3 




V 


Restart Threshold 






1.1 




V 


Soft-Start Section 


Input Bias Current 


V P ,N 9 - 4V 




1 




M 


Discharge Current 


Vp| N 9 = 1V 




25 




mA 


Under-Voltage Lockout Section 


Start Threshold 






13.4 




V 


UVLO Hysteresis 






3.6 




V 


Output Section 


Output Low Level 


Iqut - 20mA 




0.25 


0.40 


V 




'out " 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut = -20mA 




13.0 




V 




'out " -200mA 




12.7 




V 


Rise/Fall Time 


C L = 1nF (note 1) 




30 




ns 


Supply Current 


Start Up Current 


V cc = 8V, Tj - 25°C 
V CC " 8V, Tj - -40°C 




2.0 

2.5 


3.0 
3.5 


mA 
mA 


Operating l cc 






28 


38 


mA 
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FUNCTIONAL DESCRIPTION 

ML4815 PRINTED CIRCUIT BOARD 
LAYOUT CONSIDERATIONS 

High speed circuits demand careful attention to layout 
and component placement. To assure proper 
performance of the ML4815, follow these rules: 1) Use a 
ground plane. 2) Damp or clamp parasitic inductive 
kick energy from the gate of driven MOSFET. Don't 
allow the output pins to ring below ground. A series 
gate resistor or a shunt 1 Amp Schottky diode at the 

ERROR AMPLIFIER CIRCUIT 



output pin will serve this purpose. 3) Bypass Vcq Vq 
and Vrep. Use 1//F monolithic ceramic capacitors for 
Vcc and Vc with low equivalent series inductance. 
Allow less than 1 cm of total lead length for each 
capacitor between the bypassed pin and the ground 
plane. 4) Treat the off-time setting capacitor, Cj, like a 
bypass capacitor. 



Simplified Schematic 



Open-Loop Frequency Response 



VREF 5.1V 




Unity Gain Slew Rate 
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CONTROL METHODS 

In current-mode control, the current transformer 
output is fed into the RAMP comparator input. The 
current-sense waveform is used as the on-time 



modulating ramp. The on-time can be clamped to a 
maximum by using Rpp and Cff as shown. 



Current-Mode Control with Maximum On-Time Clamp 



CURRENT 
TRANSFORMER 



"~T 



Ton 
"XL 






^l/L 



=tCff 



■$- 



-*-{*}- 



1.25V 

-h- 



r 




u 



FROM E/A OUT 



55^ 



. REF 



£Rff 



In feedforward voltage-mode control, the on-time 
modulating ramp is generated with an external 
capacitor Cff fr° m P m 8 to the ground. Cff ' s charged 
through an external resistor Rff- The maximum on-time 



is the time taken to charge Cff to 3.7V Since the 
charging current depends on V|n, the resulting 
maximum on-time varies with V|n. 



Feedforward Control 



i 

| FROM E/A OUT 



^l/U 



h 



1.25V 



:£Cff 




V 




Toff 
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OUTPUT SECTION 



Totem-Pole MOSFET Drive with Reduced Cross-Conduction 

-w- 




Cbypass 



RISE/FALL TIME (Q. - 1nF) 



RISE/FALL TIME (C L - 10nF) 



8 15 
£ 10 





\ 














\> 


f 




/ 




X 






/ 




\ 




/ 






\ 





0.2 

Il(A) 
o 

-0.2 2 15 



40 80 120 160 200 
TIME (ns) 



Z± 



■A 



7- 



V 



k 



2 

Il(A) 




100 200 300 400 500 
TIME (ns) 



When driving power MOSFET's with high equivalent 
gate capacitance (Cc > 3nF), it is advisable to use an 
external 1N4148 diode between Vcc and Vc pins (figure 
above) to reduce extra power dissipation caused by 
slow turn-off of Q 7 . In this case both Vcc and Vc pins 
should have bypass capacitors (C = 1//F) as close as 
possible to the IC pins. 

I c vsQ 



Vql Curve 
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ONE-SHOT 

The figure below shows the detailed block diagram of 
the one-shot. The one-shot is programmed with 
external resistors R c , Rp and capacitor Cj. Assuming 
that CLK is low and Q2 conducts initially, the timing 
capacitor Cj is charged to 4V through Rc and Q3. This 
corresponds to the switch conduction cycle (on-time). 
When either the feedforward ramp or the sensed 
current signal exceeds the error amplifier output 
voltage, a trigger pulse is sent to the one-shot, setting 
the R-S latch X 2 and disabling Q 3 . Cj is immediately 
discharged through Rd until Or voltage reaches the 
lower threshold (2V) of the Sch mitt-trigger X-|. At this 
point, X-\ output goes high, resetting X 2 . Q1 turns off, 
allowing Q 3 to recharge Cj to 4V This time interval 
corresponds to the switch off-time. Since the off-time is 
simply the discharge time of Or, one can express 

Tqff - 0.69 R D C T 



Block Diagram of the One-Shot 



Timing Diagram of the One-Shot 




iru~u 



The purpose of Rc is to slow the charging transient of 
Cy in order to widen the internal reset pulse. Rc is 
usually chosen such that the following inequality is 
satisfied. 

Rc 
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CONSTANT ON-TIME CLAMP (In Current-Mode Only) 

Constant On-Time Clamp 




In current-mode control, the maximum on-time can be 
clamped by using the comparator X-j (figure above). The 
internal transistors Qi, Q2 and diode D 2 discharges Cff 
to approximately Vbe- The time taken to charge Cff 

4 w ♦ w / V REF + 0.488 V BE > 
from V BE to V B ias = " 



1.488 



| sets the 



maximum on-time. The diode D-| compensates the Vbe 
dependent Cff valley voltage. It can be shown that 

Ton(max) *** 1-115 Rff Cff 
and Tqn(max) ,s relatively independent of temperature. 



Tqn vs r ff 

10nF 3.3nF InF 330pF IQOpF 
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CURRENT-LIMITING, OVERLOAD SHUTDOWN AND FAULT MANAGEMENT 

Overload Protection and Fault Management 



— f— Vref 

|rss 



SOFT START « ► 

HI— • 



CLK> 



<RSS CLK> i 

" 1 i— ^ \ OUT 

- ^ a>- ">s 

± Css r UVLO>-Jp^J U^ 




ML4815 features a unique overload protection scheme. 
The power transistor current is compared with the 
current-limit threshold (1.4V) of X3. When the sensed 
current exceeds this threshold, the one-shot is triggered 
and the R-S latch X4 is set. The one-shot blanks the 
gate drive and X4 turns on the current source lp. The 
external capacitor Crd, which is normally fully 
discharged, is charged towards an overload threshold of 
2.3V. The packet of charge delivered to Crd in each 
over-current cycle is lp x Tqff (figure below). X4 is reset 
after the off-time elapses. If output short is removed 
before Crd reaches the overload threshold, Crd will be 
discharged through Rrd and normal operation will 
resume. Under persistent output short circuit, Crd is 



charged until it reaches 2.3V The gate drive is 
immediately terminated and the soft-start capacitor is 
discharged. Cr D then discharges through R RD towards 
the restart threshold (1.1V). Gate drive remains off until 
Crd is discharged below 1.1V The time taken for Crd 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup gntil the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. The overload shutdown and restart 
sequence for a converter with non -bootstrapped power 
supply Vcc is illustrated in figure. 



Current Limiting Overbad Shutdown and Restart Sequence 
(Non-Bootstrapped Operation) 



CRD CHARGING 
CURRENT 



250M 




RESTART 
DELAY 
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For a bootstrapped converter (where controller Vcc is 
obtained from an auxiliary winding of the main 
transformer), overload shutdown causes both the 
converter output and the controller Vcc to collapse. 
Undervoltage lockout (UVLO) is activated and the on- 
chip bandgap reference is disabled. ML4&15 dissipates 
only 2mA of supply current during shutdown. Since 

Simplified Vcc Bootstrapping Scheme 




'bleed is higher than the start-up current, C$ will be 
charged towards the UVLO start threshold. When this 
happens, the entire controller becomes operational 
except that the gate drive remains off. Ice jumps to its 
full operational value. Since Vcc bootstrapping is not 
yet available, Ice will discharge C s below the UVLO 
stop threshold. The on-chip reference will again be 
disabled with the controller supply current reduced to 
2mA. Ibleed will again charge C s towards the UVLO 
start threshold. The process repeats until Crd is 
discharged below the restart threshold. The shutdown 
and restart sequence is illustrated with the timing 
diagram below. 

Overload Shutdown UVLO and Restart Sequence 
(Bootstrapped Operation) 
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OPEN LOOP LABORATORY TEST FIXTURE 
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SCHEMATIC OF THE 50W ZVS DC/DC CONVERTER 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4815CP 
ML4815CQ 


0°C to +70°C 
0°C to +70°C 


Molded DIP (P16) 
Molded PCC (Q20) 
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ADVANCE INFORMATION 

ML4816 



High Frequency Multi-Mode Resonant Controller 



GENERAL DESCRIPTION 

The ML4816 controller IC is suitable for a wide range 
of resonant converter topologies. This controller can 
be used with Zero Current Switched (ZCS) Quasi 
Resonant Converters (QRC) requiring constant on-time 
and modulated off-time, as well as frequency 
modulated converters such as Series Resonant 
Converters operating above resonance. 

The ML4816's oscillator features independent control of 
charging and discharging currents (on-time and off- 
time). Output frequency can be obtained either 
proportional or inversely proportional to the controlling 
voltage. In addition, both upper and lower frequency 
limits (f MIN and fMAx) can be independently set. 

Both pulse-by-pulse and DC current limiting are 
provided for. Overload protection (shutdown) is 
triggered after a programmable delay time. Restart after 
overload shutdown can be delayed by a programmable 
time. Internal logic disables the gate drive until the 
oscillator is stable. 



The ML4816 includes under-voltage lockout with 6V 
hysteresis and high current high speed totem pole 
output drivers for high speed drive of external 
MOSFETs. 



FEATURES 

■ Supports Zero Current Switched (ZCS) Quasi- 
Resonant Converters 

■ Supports Series Resonant (ZVS) converters 
operating above resonance 

■ Wide oscillator frequency range 

■ Programmable fjvtiN and f/viAX limits 

■ Practical Operation to 2.5MHz (fosc) 

■ Low Start-up Current and Under-Voltage Lockout 
Circuits support Off-Line Operation 

■ Pulse by Pulse or DC Current Limiting 

■ Integrating Soft Start Reset (Fault Integration) with 
Programmable Restart Delay 

■ High current (1.5A peak) totem-pole output drive 

■ Precision buffered 5V Reference (±1%) 



BLOCK DIAGRAM 



-O Vref 



F(UM) O- 




'11 
— f-O GND 
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PIN CONFIGURATION 



ML4816 
20-Pin DIP 



KFB) 


[ 


1 


^20 


] 


l(SENSE) 


INV 


C 


2 


19 


] 


V(REF) 


EAOUT 


C 


3 


18 


] 


Vcc 


l(LIM) OUT 


C 


4 


17 


] 


OUTB 


F(LIM) 


C 


5 


16 


] 


VC 


V(D) 


C 


6 


15 


] 


PWR GND 


V(F) 


[ 




14 


] 


OUTA 


R(C) 


[ 


8 


13 


] 


RC (RESET) 


R(D) 


c 


9 


12 


] 


SOFT START 


C(D 


[ 


10 


11 


] 


GND 



ML4816 
20-Pin SOIC 



kfb) nr 


1 


20 


inv or 


2 


19 


EA OUT OE 


3 


18 


l(LIM) OUT or 


4 


17 


F(LIM) OE 


5 


16 


v(D)ar 


6 


15 


V(F)OE 


7 


14 


R(QOE 


8 


13 


R(D)CCE 9 


12 


C(DCIE 10 


11 



313 l(SENSE) 
2EI V(REF) 
3D Vcc 
3TIOUTB 

in vc 

PWR GND 

OUTA 
3TI RC (RESET) 

SOFT START 
3D GND 



PIN DESCRIPTION 



PIN # 


NAME 


DESCRIPTION 


1 


KFB) 


Input for load current limit. 


2 


INV 


Inverting input to error amp. 


3 


EAOUT 


Output of error amplifier. 


4 


l(LIM) OUT 


Output for load current limit 
amplifier. 


5 


F(LIM) 


A voltage input sets the 
maximum on time for the timer. 


6 


V(D) 


Controls the C(T) discharge 



current and oscillator off time. 
Connected to error amplifier 
output for off-time modulation 
and to V(REF) for constant off 
time. 

V(F) Controls the charging current 

and oscillator on time. 
Connected to error amplifier for 
on time modulation and 
connected to GND for constant 
on time. 

R(C) External timing resistor to either 

GND or V(REF) sets the charging 
current (oscillator on time). This 
pin can either source or sink 
current. 



PIN ft 



NAME 



DESCRIPTION 



R(D) External resistor from this pin to 

GND sets the oscillator discharge 
current (off time). 

Timing capacitor for Oscillator. 

Signal ground. 

Normally connected to Soft Start 
capacitor. 

Timing elements for Integrating 
fault detection and reset delay 
circuits. 

High Current Totem pole 
output A. 

Return for the High Current 
Totem Pole outputs. 

Supply for the High Current 
Totem Pole outputs. 

High Current Totem pole 
output B. 

Positive supply for the IC. 

Buffered output for the 5.0V 
voltage reference. 

I(SENSE) Primary current sense input for 
current limit. 



10 


C(T) 


11 


GND 


12 


SOFT START 


13 


RC(RESET) 


14 


OUTA 


15 


PWR GND 


16 


VC 


17 


OUTB 


18 


Vcc 


19 


V(REF) 



20 



7-80 



tf^ Micro Linear 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Voltage (Pins 1 6, 1 8) 30V 

Output Current, Source or Sink (Pin 12) 

DC 0.5A 

Pulse (0.5lis) 1 .5A 

Analog Inputs 

(Pins 1, 2, 5, 6, 7, 13) -0.3 to 6.3V 

Amplifier Output Currents (Pins 3, 4) 5mA 



ML4816 

Soft Start Sink Current (Pin 8) 1 00mA 

R c Current (Pin 8) -0.5 to +0.5mA 

R D Current (Pin 9) -4mA 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (0ja) 

Plastic DIP or SOIC 65°C/W 

OPERATING CONDITIONS 

Temperature Range 0°Cto+70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Cj = 470pF, Vcc = 1 5V. V<x is adjusted above the start threshold before settling at 1 5V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Reference Section 


Output Voltage 


T A = 25°C, l = -1 mA 


4.90 


5.00 


5.10 


V 


Line Regulation 


12V<V CC <25V 




2 


20 


mV 


Load Regulation 


1mA<l o ^10mA 




5 


20 


mV 


Temperature Stability 


T M iN^T A <T MAX (Note1) 




0.2 


0.4 


mV/°C 


Total Variation 


line, load, temp. 


4.85 




5.15 


V 


Output Noise Voltage 


10Hz<f<10KHz 




50 




uV 


Long Term Stability 


Tj = 125°C, 1000 Hrs (Note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = 


-40 


-70 


-100 


mA 


Error Amplifier Section 


Non-Inverting Input Voltage 




2.37 


2.47 


2.57 


V 


Input Bias Current 








3 


uA 


Open-Loop Gain 


1 < Vq < 4V 


60 






dB 


Unity Gain Bandwidth 


(Notel) 


2.5 


2.8 




MHz 


PSRR 


12V<V C c^25V 


65 






dB 


Output Sink Current 


Vp, N2 = 2.7V,Vp, N3 = 1V 


1 


2.8 




mA 


Output Source Current 


V PIN 2 = 2.3V, V PIN 3 = 4V 


-0.5 


-2.2 




mA 


Output High Voltage 


'pin 3 = -0.5mA 


5.0 


5.5 


6.0 


V 


Output Low Voltage 


'pin 3 = 1 mA 




0.5 


1.0 


V 


Slew Rate 






8.5 




V/u.s 


Current-Limit Amplifier Section 


Non-Inverting Input Voltage 




0.145 


0.17 


0.2 


V 


Input Bias Current 








3 


uA 


Open-Loop Gain 


1 < V < 4V 


65 






dB 


Unity Gain Bandwidth 


(NoteD 


1.0 


1.5 




MHz 


PSRR 


12V<V C c^25V 


55 






dB 


Output Sink Current 


VpiNl=1V,V P | N4 = 1V 


1 


1.6 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Current-Limit Amplifier Section (Continued) 



Output Source Current 


Vp, N1 =0V,Vp, N4 = 4V 


-0.5 


-1.1 




mA 


Output High Voltage 


'pin 4 = -0.5 mA 


6.0 


7.2 


8.0 


V 


Output Low Voltage 


'pin 4 = 1 mA 




0.7 


1.0 


V 


Slew Rate 


(Notel) 




0.9 




V/us 



Current-Sense Section 












Input Bias Current 


Vpin 20 = 






-2 


uA 


Current-Sense Threshold 




1.20 


1.25 


1.30 


V 


Delay to Pin 1 3 


(NoteD 




80 


150 


ns 



Soft-Start Section 












Discharging Current 


Vpini3 = 4V / V P | N12 = 1V 


20 


35 




mA 


Charging Current 


Vpin13 = 0, V P | N12 = 1V 


-16 


-21 


-26 


uA 



Overload Protection Section 



Overload Threshold 




3.0 


3.2 


3.5 


V 


Restart Threshold 




1.0 


1.2 


1.4 


V 


Pulse-by-pulse Charging Current 


Vpin 20 = 1.35V, V PIN13 = 2V 




-320 




UA 


Current-Limit Amp. Controlled Current 


Vpinm =0, V P | N1 3 = 2V 

V P ,N4=1V 

V PIN4 = 2.5V 




-2.2 
-0.9 




mA 
mA 



Voltage-Controlled Timer 



Cj Minimum Discharging Current 


VpiN6 = 0, V P | N10 = 3V 


14 


18.5 


22 


UA 


Cj Peak Voltage 






3.75 




V 


Or Valley Voltage 






2.1 




V 


Re Minimum Voltage 


Vpin 5 = V PIN 7 = 0, 
25KQ from Pin 8 to GND 


0.446V REF 


0.455V REF 


0.464V REF 


V 


R c Voltage 


VP!N5= 8+11 V REF , V PIN 7 = 5V 
25KQ from Pin 8 to GND 


0.713V REF 


0.72V REF 


0.742V REF 


V 


Rq Minimum Voltage 


Vpin 6 = 0, 3KQ from Pin 9 to GND 









V 


Rrj Maximum Voltage 


Vpin 6 = 5V, 3KH from Pin 9 to GND 


0.425V REF 


0.45V REF 


0.475V REF 


V 


Ton 


T A = 25°C 


Vp|N 5 = VpiN 7 = 0, Vpitsf 6 = 3V, 
25 KQ from Pin 8 to GND, 
3KQ from Pin 9 to GND 


0.62 


0.68 


0.75 


Us 




Total Variation 


12V<V C c£ 25 V (NoteD 
t min ^ t a ^ Tmax 


0.60 


0.71 


0.79 


us 


Output Dead Time 


T A = 25°C 
(NoteD 


VpiN 5 = Vpin 7 = 0, Vp| N 6 = 5V 

25KQ from Pin 8 to GND, 
3KQ from Pin 9 to GND 


100 


120 


145 


ns 




Total Variation 


12V<V CC < 25V (NoteD 
Tmin ^ T A < T MA x 


100 


120 


155 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



Under Voltage Lockout Section 



Output Section 



ML4816 



MIN TYP MAX UNITS 



Voltage-Controlled Timer (Continued) 












Frequency 


fMAX(1) 


Vp|N 5 = Vp|N 7 = 0, Vp| N 6 = 5V 

25K& from Pin 8 to GND 
3KQ from Pin 9 to GND 


1.0 


1.2 


1.4 


MHz 




fMINO) 


VpiN 5 = Vp|N 7 = 0, Vp| N 6 = 1 .4V 

25KQ from Pin 8 to GND 
3KO, from Pin 9 to GND 


17 


22 


28 


KHz 




Wx(2) 


V PIN 5 = 8 + 1 1 V REF , V P | N 7 = 2V 
V P ,N 6 = 5V 

22 KQ from Pin 8 to Pin 19 
3KQ from Pin 9 to GND 


1.1 


1.33 


1.55 


MHz 




fMIN(2) 


V P ,N5 = 8^11 V REF , V PIN 7 = 2V 
V P ,N6 = 5V 

22KQfrom Pin 8 to Pin 19 
3KQ from Pin 9 to GND 


650 


800 


850 


KHz 



Start Threshold 




15.0 


16.3 


16.8 


V 


Stop Threshold 




9.2 


9.7 


10.2 


V 



Supply Current 












Start- Up Current 


V CC = 15.5V 


1.2 


1.75 


2.3 


mA 


Operating Supply Current 


V PIN 5 = V PIN 7 = 0/ V PIN 6 = 5V 

25KQ from Pin 8 to GND 
3KQfrom Pin 9 to GND 
Cla = C lb = 0,^ = 25^, 


26 


32 


38 


mA 




Tmin ^ T A < T M ax 






53 


mA 



Output Low Level 


Isink = 20mA 




0.1 


0.4 


V 




Isink = 200mA 




0.7 


2.2 


V 


Output High Level 


■source = 20mA 


12.0 


13.5 




V 




'source = 200mA 


11.5 


13.0 




V 


Rise Time 


C L A = C LB = 1nF(Note1) 






60 


ns 


Fall Time 


Cla = C L b = 1 nF (Note 1 ) 






60 


ns 



Note 1 : This parameter is not 1 00% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The oscillator is the core of the ML4816 and is designed 
to allow the maximum flexibility. This oscillator can be 
used in two basic modes of operation: 

1. On time proportional to V iN , fixed off time with a 
maximum on time limit (where Vin is the output of 
the error amplifier). 

2. Off time inversely proportional to Vin, fixed on time. 



EP 
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Ir(D) 



l« * lR(Ql 



$ 
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Variable Off-Time, Constant On-Time (Figure 2) 

When using a variable off time control, V(D) is tied to 
the output of the error amplifier. Off time is given by 
equation (1) while the 16/wA current sink prevents the 
off time from becoming infinite, thereby providing an 
upper limit to Toff of: 

Max (Tqff) = C(T) * 1.03 x 10 5 (2) 

The on time is given by: 

Tqn - 0.0605 R(C) CCO 0) 




Figure 2. Variable Off Time, Constant On Time 
Oscillator Connections 



C(f) 
RAMP VALLEY 




-Ton — 
Toff — **\ 



Figure 1. Oscillator Block Diagram 

The internal CLOCK signal, shown above, turns the 
outputs off at its rising edge. Clock remains high and 
the outputs stay off as long as C(T) is discharging. The 
discharge time (Tqff) of C(T) is: 



Toff : 



1.65 C(T) R(D) 



10 (V(D) - 2V) + 16M R(D) 



(1) 



£100 



= Rc - 


25K 












'* 




Rq - 3K 










-Vcc = 15V 
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Figure 2a. Max (Tqff) vs. Ct 
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10nF 4.7nF 2.2nF 1.0nF 470pF 



10nF 4.7nF 2.2nF 1.0nF 470pF 



1 
J 1 



— 


— 


- 


-H-+ 
















220pFII 


"Vc * isv 
-V D - 3V 

-R D = 3KTOGND 
Vf = Vfum = 
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100pF " " 
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Rc(KQ) 

Figure 2b. Tqn vs. R(C) 

Variable On-Time, Constant Off-Time 

The on time (Tqn) " s controlled by the current flowing 
from V(REF) through R(C) into B2. The output of B2 is 
internally limited to be no less than 2.27V and no 
greater than F(LIM). 




Figure 3. Variable On Time, Constant Off Time Oscillator 
Connections (Tqn Proportional to EA OUT) 
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Rc (KO) 

Figure 3a. Minimum Tqn for Constant Off-Time 

8 
Configuration with Vp UM = — x Vref 

The on time for figure 3 is given by: 

0.138 R(C) C(T) 

Ton = (4) 

V(REF) - V(F) 

The maximum on time is given by: 

0.138 R(C) C(T) 
ToN(MAX) = V(REF)F(L|M) (5) 

where F(LIM) > 2.27V The minimum on time is: 

ToN(MlN) = 0.0506 R(C) C(T) (6) 

ERROR AMPLIFIER 

The ML4816 error amplifier is a 2.5MHz bandwidth, 
8.5V//isec slew rate op-amp with provision for limiting 
the positive output voltage swing to implement the soft 
start function. 



E- 






Vref 



0> 



The Error Amplifier input contains protection diodes as 
shown above. INV should not be driven lower than 
2.5V - V BE or higher than 2.5V + v B e- 
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FREQUENCY 



Figure 5. Error Amplifier Open-Loop Gain and 
Phase vs. Frequency 

OUTPUT DRIVER STAGE 

The ML4816 has two high current high speed totem 
pole output drivers each capable of 1.5A peak output, 
designed to quickly switch the gates of capacitive loads, 
such as power MOSFET transistors. 



v C c 



Vcc 



< 



Q2 



^ 



h-^ 



Figure 6. Power Driver Simplified Schematic 
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Figure 6a. Output Driver Current Consumption 1(C) 
vs. Output Load Capacitance 
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OUTPUT CURRENT (A) 

Figure 7. Output Saturation Voltage vs. Output Current 




Cl = lOOOpF 



100 200 
tR 

Cl = 10,000pF 



Figure 8. Rise/ Fall Time 

CURRENT LIMIT, FAULT DETECTION AND SOFT START 

The ML4816 has two modes of current limiting: Primary 
pulse-by-pulse over-current protection and secondary 
DC average current limiting. 

Primary Pulse-by-Pulse Current Limit Circuit 

In this mode, the primary current is compared with a 
1.25V threshold in comparator X1. When the sensed 
current exceeds the 1.25V threshold of comparator X1, 
the R-S latch X2 is set, turning on the 320//A current 
source to charge Crst- Ifi remains on until CLOCK 
goes high (Toff)- When Crst has charged to 3.2V, a soft 
start reset occurs. The number of times the outputs 
reach current limit are "remembered" on Crst- Over 
time, Crst is discharged by Rrst providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. If the output fault is removed before Crst 
reaches 3.2V, Crst discharges slowly through R RS t and 
normal operation resumes. 
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Over-Current Sensing, Overload Shutdown and Fault Management 
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Figure 9. Overload Protection and Fault Management 



Secondary dc Current Limit Circuit 

In secondary dc current-limiting, the currents in the 
output rectifiers are sensed, full-wave rectified and 
smoothed. The smoothed signal is fed into the current- 
limiting amplifier X3. If the sensed current is below the 
0.16V threshold, the output of X3 will go above Vref 
and If2 will be off. As the sensed current exceeds the 
current-limit threshold, Vilo starts to fall and 

, , _ Vref-Vilo- 2V be 

2 12000 s on * char s es c rst 

towards the overload threshold (3.2V) of X4. Crst 
charging and temporary recovery through Rrst here are 
similar to the pulse-by-pulse over-current sensing case 
except that If2 is continuous. 



Under persistent output short circuit with either form 
of over-current protection, Crst is charged until it 
reaches 3.2V. The gate drives are immediately 
terminated and the soft-start capacitor Css is 
discharged. Crst then discharges through Rrst toward 
the restart threshold (1.2V). Gate drives remain off until 
Crst is discharged below 1.2V. The time taken for Crst 
to discharge to the restart threshold is the restart-delay 
time. This delay reduces the average power delivered 
to the load during overload, thus protecting both the 
load and the controller. If overload persists, the 
controller will continue to hiccup until the cause of 
overload is removed. The controller undergoes soft-start 
at each restart. 

The overload shutdown and restart sequences for both 
over-current protection schemes with non-bootstrapped 
Vcc are illustrated in Figures 10 and 11. 
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Figure 10. Over-Current Sensing, Overload Shutdown and 

Restart Sequence (Non-Bootstrapped Vcc) 

(ZCS-QRC Transistor Current Shown) 



Figure 11. Secondary dc Current Sensing, Overload 
Shutdown and Restart Sequence 
(Non-Bootstrapped Vcc) 



BOOTSTRAP WINDING 




Figure 12. Simplified Vcc Bootstrapping Scheme in Half-Bridge Configuration 



For a bootstrapped converter, where controller Vcc ' s 
obtained from an auxiliary winding of the main 
transformer, (see Figure 12) overload shutdown causes 
both the converter output and the controller Vcc to 
collapse. Undervoltage lockout (UVLO) is activated and 
the on-chip bandgap reference is disabled. ML4816 
dissipates only 1.5mA during shutdown. Since Ibleed is 
higher than the start-up current, C$ will be charged 
towards the UVLO start threshold. When this happens, 
the entire controller becomes operational except that 
the gate drives remain off. Ice jumps to its full 
operational value. Since Vcc bootstrapping is not yet 
available, Ice will discharge Cs below the UVLO stop 
threshold. The on-chip reference will again be disabled 
with the controller supply current reduced to 1.5mA. 
'bleed will again charge Cs towards the UVLO start 
threshold. The process repeats until Crst is discharged 
below the restart threshold. The shutdown and restart 
sequence is illustrated in Figure 13. 

The over-current timing and shutdown sequence can 
be disabled by grounding pin 13. 




Figure 13. Overload Shutdown, UVLO and Restart 
Sequence (Bootstrapped Operation) 
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Auxiliary Output Current-Limiting (RC(RESET) Pin Grounded) First-Pulse Inhibit 



Constant current at power inverter output can be 
obtained by utilizing the current-limit amplifier with pin 
13 shorted to ground. The ILO pin is connected to the 
EAO pin through two external OR-ing diodes D-| and 
D2 (Figure 14). fy is used as a pull-up resistor. The 
current-limiting loop activates and takes control if the 
voltage at the inverting input IFB of the current-limit 
amplifier exceeds the 160mV threshold and ILO is 
pulled below EAO. The schematic shows that either the 
main error amplifier or the current-limiting amplifier 
controls the switching frequency of the converter. The 
voltage to the IFB pin comes from the output of a 
current sensor which produces a signal proportional to 
the output current. 



{Tji-VA O 



D,][ 




SENSED OUTPUT VOLTAGE 



t-VA — O 

SENSED OUTPUT 
CURRENT 



ML4816 features a unique scheme to prevent input 
transformer from saturating during initial start-up. 
Before V<x rises above the undervoltage lockout 
(UVLO) start threshold, the bandgap reference is 
disabled. Since the bias circuit of the timer requires a 
reference output of at least 4Vbe to operate, the timing 
capacitor Cj remains fully discharged. As Vcc crosses 
UVLO start threshold at to, the reference becomes 
enabled. The reference output rises at a rate 
determined by the reference short-circuit current and 
the external bypass capacitor. Cy remains discharged 
until Vref exceeds 4Vbe- There is no gate drive until 
Vref reaches the "reference-good" level (4.4V) (see 
Figure 16). Once Vref exceeds 4Vbe (t-j), Cj is charged 
towards the upper threshold of the oscilllator/timer. 
Although the gate drives are enabled at t^ the first- 
pulse inhibit latch continues to blank the outputs. This 
latch is reset when Cj voltage crosses the upper 
oscillator threshold at t.3. OUTA is gated on after the 
CLK pulse elapses. 

Without the first-pulse inhibit circuit, the first OUTA 
pulse would be on for time Tqni which could be as 
much as 2 to 3 times longer than the desired Ton time. 
The first-pulse inhibit latch ensures no abnormally long 
first gate drive pulse, independent of Vref rise time. 



Figure 14. Auxiliary Output Current-Limiting 
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Figure 15. Operation of UVLO and the First-Pulse Inhibit Circuit 
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Figure 16. Timing Diagram Illustrating Initial Start-Up and the First-Pulse Inhibit 
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Open Loop Laboratory lest Fixture 




470pF 



This test fixture is useful for exercising many of the 
ML4816's functions and measuring their specifications. 
As with any wideband circuit, careful grounding and 
bypass procedures should be followed. The use of a 
ground plane is highly recommended. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4816CP 
ML4816CS 


0°C to +70°C 
0°C to +70°C 


Plastic DIP (P20) 
Plastic SOIC (S20W) 
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Single-Ended High Frequency PWM Controller 



GENERAL DESCRIPTION 

The ML4817 High Frequency PWM Controller is 
optimized for use in single-ended Switch Mode Power 
Supply designs running at frequencies up to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized in the error amplifier. This controller is 
designed to work in either voltage or current mode. 

A unique overload protection circuit helps to limit 
stress on the output devices. This integrating method 
of fault detection also provides for reset delay before 
restart. A 1.5V threshold current limit comparator 
provides cycle-by-cycle current limit. 

The ML4817 oscillator features accurately 
programmable dead time control to precisely limit the 
maximum duty cycle. 

The ML4817 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 
easily implemented. Please refer to the FB3480 
datasheet for more information. 



FEATURES 

■ Practical Operation at Switching Frequencies to 
1MHz 

■ High Current (2A peak) Totem Pole Output 

■ Temperature Stable Precise Oscillator Frequency 
and Dead Time 

■ Precision Maximum Duty Cycle Limit 

■ Integrating Fault Detection with Reset Delay 

■ Fast Shut Down Path from Current Limit to Output 

■ Output Pulls Low for Under-Voltage Lockout 
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PIN CONFIGURATION 



ML4817 
16-Pin SOIC 



INVOE 


1 


16 3EI RC(RESET) 


ni or 


2 


15 3D5.1VVref 


E/A OUT or 


3 


14 nn Vcc 


CLOCK OE 


4 


13 


SID POWER GND 


R(Qor 


5 


12 ZED OUT 


color 


6 


11 


3D SIGNAL GND 


R(D)nr 


7 


10 in RAMP 


SOFT START DE 


8 


9 ZD KLIM)/S.D. 



INV[ 1 



Nl[ 2 

E/A OUT [ 3 

CLOCK [ 4 

R(C) [ 5 

C(I)[ 6 

R(D)[ 7 

SOFT START [ 8 




16 ] RC(RESET) 

15 ] 5.1V Vref 

14 ] Vcc 

13 ] POWER GND 

12 ] OUT 

11 ] SIGNAL GND 

10 2 RAMP 

9 ] l(LIM)/S.D. 



PIN DESCRIPTION 



PIN # 



NAME 



FUNCTION 



Inverting input to error amp. 

Non-inverting input to error amp. 

Output of error amplifier and 
input to main comparator. 

Oscillator output. 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (Pin 6). 

Timing Capacitor for Oscillator. 

Resistor which sets discharge 
current for oscillator timing 
capacitor. 

SOFT START Normally connected to Soft Start 
Capacitor and charging resistor. 

I(LIM)/S.D. Current limit sense pin. Normally 
connected to current sense resistor. 



1 


INV 


2 


NI 


3 


E/A OUT 


4 


CLOCK 


5 


R(C) 


6 


C(T) 


7 


R(D) 



PIN # 



NAME 



FUNCTION 



10 



11 
12 
13 

14 
15 

16 



RAMP Non-inverting input to main 

comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

SIGNAL GND Analog Signal Ground. 

OUT High Current Totem pole output. 

POWER GND Return for the High Current 
Totem pole outputs. 

Vcc Positive Supply for the IC. 

5.1 V REF Buffered output for the 5.1V 
voltage reference. 

RC(RESET) Timing elements for integrating 
fault detection and reset delay 
circuits. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (Pin 14) 30V 

Output Current, Source or Sink (Pin 12) 

DC 0.5A 

Pulsed (0.5//S) 2.0A 

Analog Inputs 
(Pins 1, 2, 8, 9, 10, 16) -0.3V to 6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 



Soft Start Sink Current (Pin 8) 100mA 

Oscillator Charging Current (Pin 5) -5mA 

Junction Temperature 125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec) +260°C 

Thermal Resistance (0j A ) 

Plastic DIP 65°C/W 

Plastic SOIC 65°C/W 

OPERATING CONDITIONS 

Temperature Range 0°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R(Q = 2540Q, R(D) = 2470Q, Or = 470pF, T A = Operating Temperature Range, V C c = 15V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


T A = 25°C 


500 


525 


550 


KHz 


Voltage Stability 


12V < V cc < 25V 




0.2 




% 


Temperature Stability 


(note 1) 






TBD 


% 


Total Variation 


line, temp (note 1) 


TBD 




TBD 


KHz 


Maximum Duty Cycle 


V PIN t = 2.3V, V PlN 2 = 2.5V 
V P ,N9 = Vp IN10 = 0V,T A = 25oC 


44 


45 


46 


% 


Maximum Duty Cycle 


line, temp (note 1) 


42 




48 


% 


C(T) Discharge Current 


V p ,n 6 = 4V, V PIN 7 = 3V 




4.5 




mA 


Clock Out High 




4.0 


4.5 




V 


Clock Out Low 








2.2 


V 


Ramp Peak 






3.75 




V 


Ramp Valley 






2.15 




V 


Ramp Valley to Peak 






1.60 




V 


Reference Section 


Output Voltage 


T A = 25°C, l = 1mA 


5.00 


5.10 


5.20 


V 


Line Regulation 


12V < V cc < 25V 




2 


20 


mV 


Load Regulation v 


1mA <l < 10mA 




5 


20 


mV 


Temperature Stability 


T M iN<TA<TMAX/(note1) 




.2 


.4 


mV/°C 


Total Variation 




4.95 




5.25 


V 


Output Noise Voltage 


10Hz to 10KHz 




50 




AfV 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-15 


-50 


-100 


mA 
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ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R(C) = 2540Q, R(D) = 2470O, C T = 470pF, T A = Operating Temperature Range, V cc = 15V 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section 


Input Offset Voltage 








15 


mV 


Input Bias Current 






.6 


3 


VA 


Input Offset Current 






.1 


1 


VA 


Open Loop Gain 


1 < V < 4V 


60 


95 




dB 


CMRR 


1.5 < V CM < 5.5V 


60 


95 




dB 


PSRR 


12 < V cc < 25V 


80 


110 




dB 


Output Sink Current 


Vpin 3 = 1V 


1 


2.5 




mA 


Output Source Current 


V PIN 3 - 4.0V 


-.5 


-1.3 




mA 


Output High Voltage 


I pin 3 " -0.5mA 


5.3 






V 


Output Low Voltage 


l PIN3 = 1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V///s 


PWM Comparator Section 


Pin 10 Bias Current 


Vpin 10 - 0V 




-1 


-5 


fiA 


Pin 3 Zero D.C. Threshold 


Vpin 10 - 0V 


1.08 


1.25 


1.45 


V 


Delay to Output 


(note 1) 




50 


80 


ns 


Soft Start Section 


Pin 8 Bias Current 


V p ,n 8 - 4V 






10 


M 


Discharge Current 


V P |N 8 - 1V 


10 






mA 


Current Limit/Shutdown Section 


Pin 9 Bias Current 


0V < V PIN 9 < 4V 






+10 


M 


Current Limit Threshold 


V p ,n 16 - 0V 


1.35 




1.65 


V 


Delay to Output 


(note 1) 




40 


70 


ns 


Pin 16 Shutdown Threshold 




2.05 




2.55 


V 


Pin 16 Restart Threshold 




0.9 




1.3 


V 


Pin 16 Charging Current 


V PlN 9 - 2V, V PIN 16 = 1.5V 


-150 


-210 


-275 


M 


Output Section 


Output Low Level 


Iout = 20mA 




.25 


.4 


V 




Iqut " 200mA 




1.2 


2.2 


V 


Output High Level 


Iout - -20mA 


12.0 


13.5 




V 




l OUT = -200mA 


11.5 


13.0 




V 


Rise/Fall Time 


C L - 1000pF, (note 1) 




30 


60 


ns 


Under-Voltage Lockout Section 


Start Threshold 




12.0 


13.8 


15.0 


V 


UVLO Hysteresis 




3.0 


3.6 


4.2 


V 


Supply Current 


Start Up Current 






1.8 


2.5 


mA 


Ice 


V PIN 1 = 2.3V V PIN 2 = 2.5V 
V p ,n 9, 10 = 0V, C L = 0, T A = 25°C 




34 


42 


mA 


Note 1. This parameter is not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4817 oscillator charges the external capacitor, 
Or, with a current Oset) equal to 2/Ro When the Cy 
voltage reaches the upper threshold (Ramp Peak), the 
comparator changes state, turning off the current 
source and turning on the 4.5mA current sink which is 
voltage clamped to 1.05V by Q1. The capacitor then 
discharges to the lower threshold (Ramp Valley) with a 
time constant determined by Rd and Or. 




+ T D H 



L 



Oscillator period can be determined by the following 
formula: 

Tosc = T c + T D 

(RAMP PEAK - VALLEY) C T R C 



T C = 0.8 (C T Re) 



T D = R D C T In 



RAMP PEAK - 1.05 



RAMP VALLEY - 1.05 l 
T D = 0.90 (R D C T ) 
1 



since: f Q sc : 



then: fosc = 



then: Duty Cycle 



T C + T D 




1 




C T (.8R C ■» 


•90R D ) 


.ycle = 


Tc 

+ T D 




1 



1 + 1.12 



(1) 
or 
(2) 
or 

(3) 



(4) 



(5) 




Figure 1. Oscillator Block Diagram 



R C = 2.54K; C T - 470pF 
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Figure 2. Duty Cycle vs R(D) 



470pF 




Figure 3. Oscillator Frequency vs Rp = — 
R(Q for 50% Duty Cyde 



tf^ Micro Linear 



7-97 



ML4817 



ERROR AMPLIFIER 

The ML4817 error amplifier is a 5.5MHz bandwidth, 
12V///S slew rate op-amp with provision for limiting the 
positive output voltage swing for ease in implementing 
the soft start function. 
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Figure 5. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The ML4817 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch 
capacitive loads, such as power MOSFET transistors. 
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Figure 6. Power Driver Simplified Schematic 
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o 10 

5 




Z\, 



\r 



2 

Il(A) 



100 200 300 400 500 
TIME (ns) 

Figure 9. Rise/Fall Time (C L = 10,000pF) 

UNDER-VOLTAGE LOCKOUT 

When V cc is below 13.8V, the IC draws very little 
current (1.8mA typ.) and V REF is disabled. When Vcc 
rises above 13.8V, the IC becomes active and Vr E f is 
enabled and will stay in that condition until Vcc f a " s 
below 10.2V. 
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Figure 10. Under-Voltage Lockout Circuit 

CURRENT LIMIT, FAULT DETECTION AND SOFT START 

When the current (sensed on pin 9) reaches the 1.5V 
limit, the PWM cycle is terminated. The flip flop (figure 
10) turns on current source 1(1) to charge Crst and 
remains on until CLOCK goes high. The magnitude of 
current source 1(1) is .25 x | SET where Iset is the 
oscillator charging current. When C RST has charged to 
2.3V, a soft start reset occurs. The number of times the 
PWM cycle is terminated due to over-current is 
"remembered" on C(RST). Over time, C(RST) is 
discharged by R(RST) providing a measure of 
"forgetting" when the over-current condition no longer 
occurs. 




UNDER-VOLTAGE 
LOCKOUT 



Figure 11. Over-Current, Soft Start, and Integrating Fault 
Detect Circuits 

Since the per cycle charge on RC(RESET) is proportional 
to how early in the PWM cycle the reset occurs, a 
reset will occur more quickly under output short circuit 
conditions (figures 12c and 12d) than during a load 
surge (figures 12a and 12b). 



Figure 12a. Pin 9 (Ilimit) Waveform During Load Surge 



Figure 12b. Corresponding Waveform on Pin 16 (RCreset) 



Figure 12c. Current Waveform During Short Circuit (Pin 9) 




Figure 12d. RC(RESET) (Pin 16) Increases More Quickly 
During Short Circuit Condition 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output 
will remain off until C(RST) discharges to 1.1V through 
R(RST), providing a reset delay. When the IC restarts, 
the error amplifier output voltage is limited to the 
voltage at pin 8, thus limiting the duty cycle. 
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Figure 13. Supply Current vs. Temperature 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4817CP 
ML4817CS 


0°C to +70°C 
0°C to +70°C 


DIP (P16) 
SOIC (S16W) 
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Phase Modulation/Soft Switching Controller 



GENERAL DESCRIPTION 

The ML4818 is a complete phase modulation control IC 
suitable for full bridge soft switching converters. Unlike 
conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching transitions 
and square wave drive across the transformer. The IC 
modulates the phases of the two sides of the bridge to 
control output power. 

The ML481 8 can be operated in current mode. The delay 
times for the outputs are externally programmable to 
allow the zero voltage switching transitions to take place. 

Pulse-by-pulse current limit, integrating fault detection, 
and soft start reset are provided. The under-voltage 
lockout circuit features a 6V hysteresis with a low starting 
current to allow off-line start up with a low power bleed 
resistor. A shutdown function powers down the IC, putting 
it into a low quiescent state. 



High frequency phase modulation (>500KHz) can be 
implemented using the ML4828 BiCMOS phase 
modulator. The ML481 8 contains four high current totem 
pole outputs which feature high slew rate with low cross 
conduction. 

FEATURES 

■ Full Bridge Phase Modulation Zero Voltage Switching 

Circuit with Programmable ZV transition times 

■ Constant Frequency Operation to 500KHz 

■ Current Mode Operation 

■ Cycle-by-Cycle Current Limiting with Integrating Fault 
Detection and Restart Delay 

■ Precision buffered 5V Reference (+ 1 %) 

■ Four 1 .5 A Peak Current Totem-Pole Output Drivers 

■ Under- Voltage Lockout circuit with 6V Hysteresis. 

■ Power DIP package allows higher dissipation 
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PIN CONNECTION 



24-Pin Power DIP 



24-Pin SOIC 
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4 


21 


zn 


E/A OUT n - 


5 


20 


zn 


GND [~J~ 


6 


19 


zn 


GND ("J" 


7 


18 


zn 


inv n~~ 


8 


17 


zn 


SOFT START [~~[~ 


9 
10 


16 
15 


zn 


SHUTDOWN || 


zn 


RtI~T 




14 


zn 


RCreset l~T~ 


12 


13 


zn 



Vref 
GND 
B1 OUT 
B2 0UT 
VCC 
GND 
GND 
A1 OUT 
A2 0UT 
GND 

Rdelay 

CLOCK 



TOP VIEW 



TOP VIEW 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



PIN# NAME 



FUNCTION 



1 


GND 


2 


C T 


3 


RAMP 



6,7 



10 



'LIM 



Ground 

Timing Capacitor for Oscillator 

Non-Inverting input to main 
comparator. Connected to current 
sense resistor for current mode 

Current limit sense pin. Normally 
connected to current sense resistor 



11 R 



Resistor which sets discharge 
current for oscillator timing 
capacitor 



12 RCreset 

13 CLOCK 

1 4 Rdelay 



E/A OUT 


Output of error amplifier and input 
to PWM comparator 


15 
16 


GND 
A2 0UT 


GND 


Ground and Substrate 


17 


A1 OUT 


INV 


Inverting input to error amp 


18,19 GND 


SOFT START 


Normally connected to Soft Start 
Capacitor 

Pulling this pin low puts the IC into 
a power down mode and turns off 
all outputs. This pin is internally 
pulled up to Vref. 


20 
21 
22 
23 
24 


Vcc 
B2 0UT 


SHUTDOWN 


B1 OUT 

GND 

Vref 



Timing elements for Integrating fault 
detection and reset delay circuits 

Oscillator output 

Resistor to ground on this pin 
programs the amount of delay from 
the time an output turns off until its 
complementary output turns on 

Ground 

High Current Totem pole output A1 

High Current Totem pole output A2 

Ground and Substrate 

Positive Supply for the IC 

High Current Totem pole output B1 

High Current Totem pole output B2 

Ground 

Buffered output for the 5.0 V 
voltage reference 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pin 20) 30V 

Output Current, Source or Sink (Pins 1 6,1 7,21 ,22) 

DC 0.5A 

Pulse (0.5 lis) 1 .5 A 

Analog Inputs 

(Pins 2 thru 5, 8 thru 1 0, 1 2) -0.3V to 6V 

Clock Output Current (Pin 11) -5mA 

Error Amplifier Output Current (Pin 5) 5mA 

Soft Start Sink Current (Pin 9) 50 mA 

Oscillator Charging Current (Pin 2) -5mA 

Junction Temperature 150°C 



Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 Sec.) +260°C 

Thermal Resistance (0ja) (see fig 1 3,14) 
Plastic Power DIP 40°C/W 

OPERATING CONDITIONS 

Operating Temperature Range 0°C to +70°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R T = 1 2.7KQ, C T = 250pF, R CLK = 3KQ, Rdelay = 
V CC = 15V (Note 2) 



5KQ, Ta= Operating Temperature Range, 



PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


OSCILLATOR 


Initial accuracy 


T A =25°C 


410 


450 


510 


KHz 


Voltage stability 


12V<V CC <25V 




-0.3 




%N 


Temperature stability 


(note 1 ) 




0.2 




% 


Total Variation 


line, temp. 


375 




525 


KHz 


Cj Discharge Current 


V P |N2 = 2V 


4.7 


5.5 


6.3 


mA 


Clock out High 




2.4 


3.1 




V 


Clock out Low 









0.4 


V 


Ramp Peak 






4.1 




V 


Ramp Valley 






1.5 




V 


Ramp Valley to Peak 






2.6 




V 


REFERENCE SECTION 


Output Voltage 


T A =25°C, l =1mA 


4.95 


5.0 


5.05 


V 


Line regulation 


12V<V CC <25V 




2 


20 


mV 


Load regulation 


1 mA < l Q < 1 mA 




3 


20 


mV 


Temperature stability 


(notel) 




.2 




mV/°C 


Total Variation 




4.85 




5.15 


V 


Output Noise Voltage 


10Hzto10KHz 




50 




mV 


Long Term Stability 


Tj=125°C, 1000 hrs, (notel) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-20 


-50 




mA 


ERROR AMPLIFIER SECTION 


Input Offset Voltage 




-40 




+30 


mV 


Input Bias Current 






0.6 


3 


HA 


Input Offset Current 






0.1 


1 


HA 


Open Loop Gain 


1 <V <4V 


65 


75 




dB 


PSRR 


12<V CC <25V 


70 


80 




dB 


Output Sink Current 


V P |N5=1V 


1 


3.2 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


ERROR AMPLIFIER SECTION (Continued) 


Output Source Current 


V P ,N5=5.1V 


-0.5 


-2.2 




mA 


Output High Voltage 


IpiN 5 = -0.5mA 


5.0 


5.5 


6.0 


V 


Output Low Voltage 


'PIN 5 = 1 nriA 






0.8 


V 


Unity Gain Bandwidth 


(notel) 


2.0 


2.8 




MHz 


Slew Rate (note 1 ) 






8.5 




V/m-S 


PHASE MODULATOR SECTION 


Pin 3 Bias Current 


V P ,N3 = 2.5V 




-1 


-10 


uA 


Pin 5 Zero D.C. Threshold 


V P ,N3 = 0V 




0.6 


0.9 


V 


TpDi/ P' n 3 to Output 


(note 1 ) 




50 


80 


ns 


Tdelay 


C L = 1 nF 




200 


250 


ns 


Vp|N14 






4.3 




V 


SOFT-START SECTION 


Pin 9 Charge Current 


V P ,N9 = 4V 


-15 


-25 


-30 


JLlA 


Discharge Current 


V P ,N9 = 1V 


10 


20 


30 


mA 


CURRENT LIMIT/SHUTDOWN SECTION 


Pin 4 Bias Current 


V < Vp| N 4 < 4V 




-1 


-10 


MA 


Current Limit Threshold 


V P ,nio = OV 


0.92 


1.02 


1.12 


V 


TpDi/Piri4 


(note 1) 




50 




ns 


Pin 12 Shutdown Threshold 




3.15 


3.4 


3.65 


V 


Pin 1 2 Restart Threshold 




1.0 


1.3 


1.6 


V 


Pin 1 2 Charging Current 


V P ,N4=2V,Vp, Nl2 =1.5V 


-400 


-523 




uA 


Pin 1 Shutdown Threshold 




2.0 


2.4 


2.8 


V 


Pin 1 Input Bias Current 


V PIN10 = ° 




-25 


-100 


MA 


OUTPUT SECTION 


Output Low Level 


Iqut = 20 mA 

Iqut = 200 mA, T A = 25°C 




0.1 
0.7 


0.4 
2.8 


V 
V 


Output High Level 


'out = -20 mA 

Iout = -200 mA, T A = 25°C 


12.0 
11.0 


13.5 
13.0 




V 
V 


Rise/Fall Time 


C L =1000pF, (note!) 




50 


75 


ns 


UNDER-VOLTAGE LOCKOUT SECTION 


Start Threshold 




15.5 


16.5 


17.2 


V 


Stop Threshold 




9.25 


10.2 


10.7 


V 


SUPPLY CURRENT 


Start Up Current 


V CC < 15.8V 




3 


4 


mA 


Ice 


Vp,N8 = 4V / Vp IN3 ,4 = 0V r C L =1nF 
T A =25°C 




60 


70 


mA 



Note 1 : This parameter not 1 00% tested in production but guaranteed by design. 

Note 2: Vcc must be brought above the UVLO start voltage (1 7.2V) before dropping to Vcc = 1 5V to ensure start-up. 
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FUNCTIONAL DESCRIPTION 

PHASE MODULATOR 

Power is controlled by modulating the switching phase on 
sides A and B of the full H-bridge converter (Figure 1). 
Power is delivered to the output through the transformer 
secondary. The power conversion process is described by 
the following sequence and illustrated by the timing 
diagram of Figure 2: 

1 . A2 and B1 are high (Q1 and Q2 are on), beginning 
the power conversion cycle. 

2. After the O MOD comparator trips, B1 goes low 
turning off Q2. The parasitic drain-to-source 
capacitances of Q2 and Q4 charge to +VIN. This 
forces the drain-to-source voltage across Q3 to OV. 

3. B2 now goes high after tpELAY (set by Rqelay)- Since 
the voltage across Q3 is now OV, B2 turns Q3 on at 
zero voltage. 



4. The CLOCK now goes high turning A2 off. During 
this period, Q1 and Q2 and Q4 are off. The 
transformer leakage current discharges the drain-to- 
source capacitance on Q4 until there is OV across it. 

5. A1 will remain low for a period defined by trjELAY/ 
then it goes high. The voltage across Q4 is now OV 
as A1 turns it on at zero voltage. 

6. The previous sequence is now repeated with the 
opposite polarity on all outputs (see Figure 2). 

The above sequence is then repeated but with the 
opposite polarity on all outputs. 



A2 B2 

ML4818 

A1 B1 

■lim 



TG9 



-Wv- 



■vw- 



a 



®f 
i- 



Is 3 

j 



Ql£ 

T 



£ 



a 



TRANSFORMER 



^]Q2 

J 



Q4 X 
X 



® 



m 



R SENSE 



Figure 1 . Simplified diagram of Phase Modulated power Outputs. 




©" 



V 



f 



\ 



Figure 2. Phase Modulation control waveforms (Shaded areas indicate a power cycle). 
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The ML4818 can also be used in current mode by sensing 
load current on the RAMP input (pin 3). 

The four output delay timers are programmed via an 
external Rdelay resistor as shown below. This resistor 
value should be no less than 1KQ. Expressing Rdelay m 
KQ the delay, in ns is: 



T DELAY - 33 x R DELAY + 45 



(1) 



The ML481 8 contains special logic circuits to provide for 
voltage mode feed-forward and lock out long pulses into 
the internal logic. This prevents instability from occuring 
when the <D Comparator trips in voltage mode. 




OMOD 
OUTPUT 




Figure 3. Voltage Feed-Forward Circuit. 

The collector of Qr in figure 3 is high only during a power 
cycle. When the power cycle terminates, pin 3 is pulled 
low. In voltage mode operation, a capacitor is connected 
from pin 3 to GND with a resistor from pin 3 to V|n to 
provide input voltage feed forward. 

OSCILLATOR 

The ML481 8 oscillator charges the external capacitor, Or, 
with a current (Iset) equal to 5/Rj. When the Or voltage 
reaches the upper threshold (Ramp Peak), the comparator 
changes state, turning on the current sink which 
discharges Or to the lower threshold (Ramp Valley). The 
Cj pin is clamped to Ramp Valley by Q1 (figure 5) to 
prevent inaccuracy due to undershoot on Or- 

To use the Clock Output for driving external synchroniza- 
tion circuitry, a pull-down resistor is required from CLOCK 
to GND. 



Figure 5. Ocillator Block Diagram. 

For frequencies of less than 500KHz, oscillator frequency 
can be set by using the following formulae: 



•osc 



ERROR AMPLIFIER 



1 



0.52C T R T +500C T 



(2) 



The ML4818 error amplifier is a 2.5 MHz, bandwidth, 
8.5V/jis slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) to 
implement the soft start function. The error amplifier 
output source current is limited to 4.5mA. 



CLOCK OUT 



RAMP VALLEY 




Figure 4. Oscillator Timing Diagram 
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1K 10K 100K 

FREQUENCY 




Figure 6. Error Amplifier Open-Loop Gain and 
Phase vs. Frequency. 



Figure 7. Power Driver Simplified Schematic. 































































SOURCE 


















•"sink 


























0.6 0.8 1.0 

OUTPUT CURRENT (A) 



Figure 8. Output Drive Saturation Voltage vs. 
Output Current. 



OUTPUT DRIVER STAGE 

The ML4818 has four high current high speed totem pole 
output drivers each capable of 1 .5A peak output, designed 
to quickly switch the gates of capacitive loads, such as 
power MOSFET transistors. Figure 8 illustrates the 
saturation characteristics of the ouput drive transistors 
shown in Figure 7. Typical rise and fall time characteristics 
of the output drivers are illustrated with capacitive loads 
of 1 nF and 1 0nF in Figure 9. 



Figure 9. Output Rise/Fall Time. 



3^ Micro Linear 



7-107 



ML4818 



CURRENT LIMIT, FAULT DETECTION AND SOFT START 

Current limit is implemented when the current sensed on 
pin 4 reaches the IV limit. At this point, the PWM cycle is 
terminated. The flip flop (Figure 10) turns on the current 
source to charge Crst arj d remains on for the duration of 
the clock period. When Crst has charged to 3.4V, a soft 
start reset occurs. The number of times the PWM cycle is 
terminated due to over-current is "remembered" on Crst- 
Over time, Crst is discharged by Rrst providing a 
measure of "forgetting" when the over-current condition 
no longer occurs. This integrating fault detection is useful 
in differentiation between short circuit and load surge 
conditions. 



Since the per cycle charge on RCreset ,s proportional to 
how early in the power cycle the over-current occurs, a 
reset will occur more quickly under output short circuit 
conditions (Figures 11a and 11b) than during a load surge 
(Figures 11c and 11d). 

When the soft start reset occurs, the output is inhibited 
and the soft start capacitor is discharged. The output will 
remain off until Crst discharges to 1 .3V through R RS t, 
providing a reset delay. When the IC restarts, the error 
amplifier output voltage is limited to the voltage at pin 9, 
thus limiting the duty cycle. 




UNDER-VOLTAGE 
LOCKOUT 



Figure 10. Over-Current, Soft-Start, and Integrating Fault Detect Circuits. 



IV- -j& 
V(PIN 4) 



re 





Figure 11a, 11b. I(LIMIT) and Resulting RC(RESET) 
Waveforms During Short Circuit. 



Figure 11c, lid. I(LIMIT) and Resulting RC(RESET) 
Waveforms During Load Surge. 
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UNDER-VOLTAGE LOCKOUT 

On power up, when Vcc is below 1 6V, the IC draws very 
little current (1 .1 mA typ.) and Vref is disabled. When Vcc 
rises above 1 6V, the IC becomes active and Vref is 
enabled and will stay in that condition until Vcc falls 
below 10.2V. (see Figure 12). 



4 INHIBIT 
OUTPUTS 



POWER v\ 
DOWN " 



M> 



Ct 



f 




H' 




TO LOGIC 
CIRCUITS 




/ 



INTERNAL 
BIAS 



Vcc 

"0 




Figure 12. Under- Voltage Lockout and 
Reference Circuits. 



Figure 1 4. PC Board Copper Area Used as a Heat Sink. 
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Figure 13. Supply Current vs. Temperature (°C). 



Figure 15. 9ja as a Function of I (see figure 15). 



THERMAL INFORMATION 

The ML4818 is offered in a Power DIP package. This 
package features improved thermal conduction through 
the leadframe. Much of the heat is conducted through the 
center 4 grounded leads. Thermal dissipation can be 
improved with this package by using copper area on the 
board to function as a heat sink. Increasing this area can 
reduce the 6ja (see figures 14 and 1 5), increasing the 
power handling capability of the package. Additional 
improvement may be obtained by using an external heat 
sink (available from Staver). 



APPLICATIONS 

The application, in Figure 16, features the ML4818 in a 
primary-side controlled voltage mode application with 
voltage feed-forward. Input voltage is rectified 1 20VAC 
(nominal). Feed-forward is provided by the ramp on pin 3 
via the resistor connected to the high voltage input. 
Current is sensed through sense transformer T4. 
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ML4818 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4818CP 
ML481 8CS 


0°C to +70°C 
0°C to +70°C 


Power DIP (P24P)* 
SOIC (S24W) 



*Same dimensional outline as (P24N) 
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Phase Modulation Controller Evaluation Kit 



GENERAL DESCRIPTION 

The ML4818EVAL kit provides a convenient vehicle to 
evaluate the ML4818 Phase Modulation Control IC. The 
board implements a 200W Phase Modulated Power 
Supply. 

The application circuit is designed to show the performance 
of a 200VV isolated AC to DC converter circuit. The circuit 
topology is a full bridge type, suitable for high power and 
very high frequency operation with zero voltage switching 
for high efficiency. The oscillator frequency of the circuit is 
500KHz. 

The PC board is designed around a 200W single output 
application circuit, however the circuit can be modified for 
other power levels and operating conditions. 



KIT COMPONENTS 

■ User's Guide - Includes operating specification, proce- 
dure, kit component list, a complete parts list, perfor- 
mance data, and a detailed schematic. 

■ ML481 8 Datasheet. 

■ Application Note #1 9: Phase Modulated PWM Topol- 
ogy withtheML4818 

■ Blank PC Board 

■ Kit Components - A sample of the ML481 8 and addi- 
tional components which may be difficult to procure in 
small quantities. 



FEATURES 

■ Zero Voltage Switching (ZVS), high efficiency AC to DC 
power converter circuit 

■ High frequency operation resulting in smaller reactive 
components 

■ Lower conducted and radiated noise due to slower rise 
and fall times 

■ Switching and CV 2 losses greatly minimized 

■ Feed-forward compensated voltage mode control 
enables automatic compensation against instantaneous 
line changes 

■ Complete documentation and applications information 

OPERATING SPECIFICATIONS 



Input Voltage Range 


switchable) 


90 to 260V 


Output Voltage 




15V 


Output Power 




200W 


Output Current 




13A 


Switching Frequency 




250Khz. 


Efficiency (V| N =1 20V, 


P O uT=200W) 


85% 
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Power Factor and PWM Controller "Combo" 



GENERAL DESCRIPTION 

The ML4819 is a complete boost mode Power Factor 
Control (PFC) which also contains a PWM controller. 
The PFC circuit is similar to the ML4812 while the 
PWM controller can be used for current or voltage 
mode control for a second stage converter. Since the 
PWM and PFC circuits share the same oscillator, 
synchronization of the two stages is inherent. The 
outputs of the controller IC provide high current 
(>1A peak) and high slew rate to quickly charge and 
discharge MOSFET gates. Special care has been taken 
in the design of the ML4819 to increase system noise 
immunity. 

The PFC section is a peak current sensing control 
which uses a current sense transformer or SENSE FET 
to non-dissipatively sense switch current, giving the 
system improved overall efficiency over the average 
current sensing control method. 



The PWM section includes cycle by cycle current 
limiting, precise duty cycle limiting for single ended 
converters, and slope compensation. 

FEATURES 

■ Two 1A Peak Current Totem-Pole Output Drivers 

■ Precision buffered 5V Reference (±1%) 

■ Large oscillator amplitude for better noise 
immunity 

■ Precision duty cycle limit for PWM section 

■ Current input multiplier reduces external 
components and improves noise immunity 

■ Programmable Ramp Compensation circuit 

■ Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Under-Voltage Lockout circuit with 6V hysteresis 



BLOCK DIAGRAM (Pin out shown is for DIP) 
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PIN CONFIGURATIONS 



ML4819 
20-Pin DIP 



ML4819 
20-Pin SOIC 



l(SENSE) A [ 1 

OVP [ 2 

MULTIPLIER [ 3 

EAOUTA [ 4 

INVA [ 5 

l(SINE) [ 6 

DUTY CYCLE [ 7 

PWM B [ 1 

l(SENSE) B [ 9 

R(T) [ 10 



18 ] V(REF) 

17 ] PGND A 

16 ] OUT A 

15 ] V C C 

14 ] OUT B 

13 ] PGND B 

12 ] RAMP COMP 

11 ] l(LIM) 



l(SENSE)A CC 1 

ovp nz 2 

MULTIPLIER HZ 3 
EAOUTA HZ 4 

INVA d 5 

l(SINE) UZ 6 

DUTY CYCLE UZ 7 

PWM BCT8 

l(SENSE) B UZ 9 

R(T) d ■ 



) 13 C(T) 

19 13 GND 

18 13 V(REF) 

17 13 PGND A 

16 ID OUT A 

15 13 vcc 

14 13 OUTB 

13 JO PGNDB 

12 13 RAMP COMP 

11 13 I(LIM) 



PIN DESCRIPTION 



PIN # 



1 



10 



NAME 



FUNCTION 



l(SENSE) A Input from the PFC Current 

Sense Transformer to the PWM 
comparator (+). Current Limit 
occurs when this point reaches 
5V 

OVP Input to over voltage comparator. 

MULTIPLIER Output of Current Multiplier. A 
resistor to ground on this pin 
converts the current to a voltage. 

EA OUT A Output of error amplifier. 

INV A Inverting input to error amplifier. 

I(SINE) Current Multiplier input. 

DUTY CYCLE PWM controller duty cycle is 
limited by setting this pin to a 
fixed voltage. 

PWM B Error voltage feedback input. 

I(SENSE) B Input for Current Sense resistor 
for current mode operation or 
for Oscillator ramp for voltage 
mode operation. 

R(T) Oscillator timing resistor pin. A 

5V source across this resistor sets 
the charging current for C(T). 



PIN tt 



NAME 



FUNCTION 



11 l(LIM) Cycle by cycle PWM current 

limit. Exceeding 1V threshold on 
this pin terminates the PWM 
cycle. 

12 RAMP COMP Buffered output from the 

Oscillator Ramp (C(T)). A resistor 
to ground sets a current 1/2 of 
which is sourced on pins 9 and 
11. 

13 GND B Return for the high current 

totem pole output of the PWM 
controller. 



14 


OUT B 


PWM controller totem pole 
output. 


15 


Vcc 


Positive Supply for the IC. 


16 


OUT A 


PFC controller totem pole output. 


17 


GND A 


Return for the high current 
totem pole output of the PFC 
controller. 


18 


V(REF) 


Buffered output for the 5V 
voltage reference. 


19 


GND 


Analog signal ground. 


20 


cm 


Timing Capacitor for the 
Oscillator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum 
ratings are stress ratings only and functional device operation 
is not implied. 

Supply Voltage (V cc ) 35V 

Output Current, Source or Sink (Pin 12) 

DC 1.0A 

Output Energy (capacitive load per cycle) 5//J 

Multiplier l(SINE) Input (Pin 6) 1.2mA 

Error Amp Sink Current (Pin 3) 10mA 

Oscillator Charge Current 2mA 

Analog Inputs (Pins 1, 4, 5) -0.3V to 5.5V 



Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec) +260°C 

Thermal Resistance (0j A ) 
Plastic DIP or SOIC 65°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4819C 0°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 14KQ, Or = 1000pF, Ta = Operating Temperature Range, Vcc = l5V ( note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C 


90 


97 


104 


KHz 


Voltage Stability 


12V < V cc < 25V 




0.2 




% 


Temperature Stability 






2 




% 


Total Variation 


line, temp 


88 




106 


KHz 


Ramp Valley 






0.9 




V 


Ramp Peak 






4.3 




V 


R(T) Voltage 




4.8 


5.0 


5.2 


V 


Discharge Current (pin 8 open) 


Tj = 25°C, V PIN 16 = 2V 


7.5 


8.4 


9.3 


mA 




Vpin 16 = 2V 


7.2 


8.4 


9.5 


mA 


Duty Cyde Limit Comparator 


Input Offset Voltage 




-15 




15 


mV 


Input Bias Current 






-2 


-10 


A/A 


Duty Cycle 


V PIN 7 = V REF/2 


43 


45 


49 


% 


Reference Section 


Output Voltage 


Tj = 25°C, l = 1mA 


4.95 


5.00 


5.05 


V 


Line Regulation 


12V < V cc < 25V 




2 


20 


mV 


Load Regulation 


1mA < l < 20mA 




8 


25 


mV 


Temperature Stability 






.4 




% 


Total Variation 


line, load, temp 


4.9 




5.1 


V 


Output Noise Voltage 


10Hz to 10KHz 




50 




IN 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref - 0V 


-30 


-85 


-180 


mA 


Error Amplifier Section 


Input Offset Voltage 




-15 




15 


mV 


Input Bias Current 






-0.1 


-1.0 


A/A 


Open Loop Gain 


1 < V PIN 4 < 5V 


60 


75 




dB 


PSRR 


12V < V cc < 25V 


60 


90 




dB 


Output Sink Current 


V PIN 4 = 1.1V, V PlN 5 = 5.2V 


2 


12 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KQ, Cj = 1000pF, T A = Operating Temperature Range, V<x = 15V (note 2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


Output Source Current 


V PIN 4 = 5.0V V PIN 5 = 4.8V 


-0.5 


-1.0 




mA 


Output High Voltage 


l PIN 4 - -0.5mA, V PIN 5 = 4.8V 


6.5 


7.0 




V 


Output Low Voltage 


■pin 4 - 2mA, V PIN 5 = 5.2V 




0.7 


1.0 


V 


Unity Gain Bandwidth 






1.0 




MHz 


Multiplier 


l(SINE) Input Voltage 


l(SINE) = 500//A 


.4 


.7 


.9 


V 


Output Current (pin 2) 


l(SINE) = 500//A, Pin 5 = V REF - 20mV 


460 


495 


505 


fiA 




l(SINE) - 500//A, Pin 5 = V REF + 20mV 







10 


fiA 




l(SINE) = 1mA, Pin 5 = V REF - 20mV 


900 


990 


1005 


M 


Bandwidth 






200 




KHz 


PSRR 


12V < V cc < 25V 




70 




dB 


Slope Compensation Circuit 


RAMP COMP Voltage (pin 12) 






VpiN 20 - 1 




V 


•out (pin 1 or P»" 9) 


'pin 12 ~ 100/iA (note 3) 


45 


48 


51 


M 


OVP Comparator 


Input Offset Voltage 


Output Off 


-15 




15 


mV 


Hysteresis 


Output On 


100 


120 


140 


mV 


Input Bias Current 






-0.3 


-3 


HA 


Propagation Delay 






150 




ns 


l(SENSE) Comparators A and B 


Input Common Mode Range 




-0.2 




5.5 


V 


Input Offset Voltage 


l(SENSE) A 


-15 




15 


mV 




l(SENSE) B 


+0.4 


0.7 


+0.9 


V 


Input Bias Current 






-3 


-10 


M 


Input Offset Current 




-3 





+3 


fjA 


Propagation Delay 






150 




ns 


'limit (A) Trip Point 


V P ,n 3 - 5.5V 


4.8 


5 


5.2 


V 


l(LIM) Comparator 


'limit Trip Point 




.95 


1.0 


1.05 


V 


Input Bias Current 






-2 


-10 


M 


Propagation Delay 






150 




ns 


Output Section (A and B) 


Output Voltage Low 


Iqut = -20mA 




0.1 


0.4 


V 




Iout = -200mA 




1.6 


2.2 


V 


Output Voltage High 


•out = 20mA 


13 


13.5 




V 




l OUT = 200mA 


12 


13.4 




V 


Output Voltage Low in UVLO 


Iout - -1mA, V cc - 8V 




0.1 


0.8 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




ns 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 14KO, Op = 1000pF, Ta - Operating Temperature Range, Vcc ! 



15V (note 2) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Under Voltage Lockout 












Start-Up Threshold 




15 


16 


17 


V 


Shut-Down Threshold 




9 


10 


11 


V 


Vref Good Threshold 






4.4 




V 



Total Device 



Supply Current 


Start-Up, V cc = 14V 




.6 


1.2 


mA 




Operating, Tj = 25°C 




25 


35 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 

Note 2: V cc is raised above the Start-up Threshold first to activate the IC, then returned to 15V. 

Note 3: PWM comparator bias currents are subtracted from this reading. 



FUNCTIONAL DESCRIPTION 

OSCILUVTOR 

The ML4819 oscillator charges the external capacitor 
(Or) with a current (Iset) equal to 5/Rset- When the 
capacitor voltage reaches the upper threshold, the 
comparator changes state and the capacitor discharges 
to the lower threshold through Q1. While the capacitor 
is discharging, Q2 provides a high pulse. 

The Oscillator period can be described by the 
following relationship: 



+5V|-AA*r 



where: 



T osc = Tramp + Tdeadtime 



Tramp 



C (Ramp Valley to Peak) 



and: 



Tdeadtime 



Iset 

C (Ramp Valley to Peak) 
(8.4mA - l SET ) 



The maximum duty cycle of the PWM section can be 
limited by setting a threshold on pin 7. When the QT) 
ramp is above the threshold at pin 7, the PWM output 
is held off and the PWM flip-flop is set: 

_ DOSC x (Vrin 7 " 0.9) 
L^LIMIT = 




C(I) 
RAMP VALLEY - 



3.4 



Where: 



Figure 1. Oscillator Block Diagram 



Dlimit = Desired duty cycle limit 
Dose = Oscillator duty cycle 
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Figure 2. Oscillator Timing Resistance vs. Frequency 
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Figure 3. Output Saturation Voltage vs. Output Current 

ERROR AMPLIFIER 

The ML4819 error amplifier is a high open loop gain, 
wide bandwidth, amplifier. 




Figure 4. Error Amplifier Configuration 
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Figure 5. Error Amplifier Open-Loop Gain and Phase 
vs. Frequency 

MULTIPLIER 

The ML4819 multiplier is a linear current input 
multiplier to provide high immunity to the disturbances 
caused by high power switching. The rectified line 
input sine wave is converted to a current via a 
dropping resistor. In this way, small amounts of ground 
noise produce an insignificant effect on the reference 
to the PWM comparator. 

The output of the multiplier is a current proportional 
to: 

Iout <* KSINE) x |(EA) 

where l(SINE) is the current in the dropping resistor, 
and l(EA) is a factor which varies from to 1 
proportional to the output of the error amplifier. When 
the error amplifier is saturated high, the output of the 
multiplier is approximately equal to the l(SINE) input 
current. 

The multiplier output current is converted into the 
reference voltage for the PWM comparator through a 
resistor to ground on the multiplier output (pin 3). 



I kfrd), / ERROR 

I ' ( ,' < VOLTAGE 

I i MULTIPLIER 

9V 



& 



( ) KSINE) x KERR) 



Figure 6. Multiplier Block Diagram 
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SLOPE COMPENSATION 

Slope compensation is accomplished by adding 1/2 of 
the current flowing out of pin 12 to pin 1 (for the PFC 
section) and pin 9 (for the PWM section). The amount 
of slope compensation is equal to (IpiN 12/2) x R L where 
Rl is the impedance to GND on pin 1 or pin 9. Since 
most of the PWM applications will be limited to 50% 
duty cycle, slope compensation should not be needed 
for the PWM section. This can be defeated by using a 
low impedance load to the current sense on pin 9. 



R(T) 



1 CO) 



V(REF) 



KRsc) 



KRsc) -5- 2 

— e- 
— e- 



SLOPE 
COMPENSATION 



KRsc) - 2 



Figure 7. Slope Compensation Circuit 
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Figure 8. Multiplier Linearity 

UNDER VOLTAGE LOCKOUT 

On power-up the ML4819 remains in the UVLO 
condition; output low and quiescent current low. The 
IC becomes operational when Vcc reaches 16V When 
Vcc drops below 10V, the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref pin is "off", 
making it usable as a "flag". 
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Figure 9. Under-Voltage Lockout Block Diagram 
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Figure 10a. Total Supply Current vs. Supply Voltage 
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Figure 10b. Total Supply Current (Ice) vs. temperature 
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Figure 11. Reference Load Regulation 



APPLICATIONS 

POWER FACTOR SECTION 

The power factor section in the ML4819 is similar to the 
power factor section in the ML4812 with the exception 
of the operation of the slope compensation circuit. 
Please refer to the ML4812 data sheet for more 
information. 

The following calculations refer to figure 12. The 
component designators in the equations below refer to 
the following components in figure 12: 

R T = R16, C T = C6. 

INPUT INDUCTOR (L1) SELECTION 

The central component in the regulator is the input 
boost inductor. The value of this inductor controls 
various critical operational aspects of the regulator. If 
the value is too low, the input current distortion will be 
high and will result in low power factor and increased 
noise at the input. This will require more input filtering. 
In addition, when the value of the inductor is low the 
inductor dries out (runs out of current) at low currents. 
Thus the power factor will decrease at lower power 
levels and/or higher line voltages. If the inductor value 
is too high, then for a given operating current the 
required size of the inductor core will be large and/or 
the required number of turns will be high. So a 
balance must be reached between distortion and core 



One more condition where the inductor can dry out is 
analyzed below where it is shown to be maximum duty 
cycle dependent. 

For the boost converter at steady state: 



Where Don ' s tne duty cycle [TonATon + Toff)3- The 
input boost inductor will dry out when the following 
condition is satisfied: 

V| N (t) < Vqut * d - Don) 



(2) 



Vindry = [1 - Don (max)] x v Q ut (3) 

V|ndry : Voltage where the inductor dries out. 
Vout : Output dc voltage. 

Effectively, the above relationship shows that the 
resetting volt-seconds are more than setting volt- 
seconds. In energy transfer terms this means that less 
energy is stored in the inductor during the ON time 
than it is asked to deliver during the OFF time. The net 
result is that the inductor dries out. 

The recommended maximum duty cycle is 95% at 
100KHz to allow time for the input inductor to dump 
its energy to the output capacitors. 

For example: 

if: Vqut - 380V and 

Dqn (max) = 0.95 

then substituting in (3) yields Vindry = 20V The effect 
of drying out is an increase in distortion at low 
voltages. 

For a given output power, the instantaneous value of 
the input current is a function of the input sinusoidal 
voltage waveform, i.e. as the input voltage sweeps from 
zero volts to a maximum value equal to its peak so 
does the current. 

The load of the power factor regulator is usually a 
switching power supply which is essentially a constant 
power load. As a result, an increase in the input voltage 
will be offset by a decrease in the input current. 

By combining the ideas set forth above, some ground 
rules can be obtained for the selection and design of 
the input inductor: 

Step 1: Find minimum operating current. 

1.414 x P, N (min) 

liN(min) PEAK — (4) 

V| N (max) 

V, N (max) = 260V 
P| N (mln) = 50W 
then: liN(min) PEAK = 0.272A 

Step 2: Choose a minimum current at which point the 
inductor current will be on the verge of drying 
out. For this example 40% of the peak current 
found in step 1 was chosen. 



then: Ildry = 100mA 
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Step 3: The value of the inductance can now be found 
using previously calculated data. 

Vindry x DoN(max) 



L1 



'ldry x fosc 
20V x Q.95 

100mA x 100KHZ 



(5) 



= 2mH 



The inductor can be allowed to decrease in value 
when the current sweeps from minimum to maximum 
value. This allows the use of smaller core sizes. The 
only requirement is that the ramp compensation must 
be adequate for the lower inductance value of the core 
so that there is adequate compensation at high current. 

Step 4: The presence of the ramp compensation will 
change the dry out point, but the value found 
above can be considered a good starting point. 
Based on the amount of power factor 
correction the above value of L1 can be 
optimized after a few iterations. 

Gapped Ferrites, Molypermalloy, and Powdered Iron 
cores are typical choices for core material. The core 
material selected should have a high saturation point 
and acceptable losses at the operating frequency. 

One ferrite core that is suitable at around 200W is the 
#4229PL00-3C8 made by Ferroxcube. This ungapped 
core will require a total gap of 0.180" for this 
application. 

OSCILLATOR COMPONENT SELECTION 

The oscillator timing components can be calculated by 
using the following expression: 
1.36 

f ° SC= i^ (6) 

For example: 

Step 1: At 100KHz with 95% duty cycle T ff = 500ns 
calculate Cj using the following formula: 

Toff x 'dis 

C T - -^ — - 1000pF (7) 

V OSC 

Step 2: Calculate the required value of the timing 
resistor. 

1.36 1.36 

R T (8) 

fosc x C T 100KHz x lOOOpF 

- 13.6KO choose R T = 14KQ. 

CURRENT SENSE AND SLOPE (RAMP) COMPENSATION 
COMPONENT SELECTION 

Slope compensation in the ML4819 is provided 
internally. A current equal to Vqt)/2(R18) is added to 
l(SENSE) A (pin 1). This is converted to a voltage by R10, 
adding slope to the sensed current through T1. The 
amount of slope compensation should be at least 50% 
of the downslope of the inductor current during the off 



time as reflected on pin 1. Note that slope 
compensation is a requirement only if the inductor 
current is continuous and the duty cycle is more than 
50%. The highest inductor downslope is found at the 
point of inductor discontinuity: 



dt 



V B - V, N dry 380V - 20V 



2mH 



(9) 



- 0.18 A/jjs 



The downslope as reflected to the input of the PWM 
comparator is given by: 

spwm ■ *-);""* *^ no) 

L1 N c 

Where Nc is the turns ratio of the current transformer 
(T1) used. In general, current transformers simplify the 
sensing of switch currents especially at high power 
levels where the use of sense resistors is complicated 
by the amount of power they have to dissipate. 
Normally the primary side of the transformer consists of 
a single turn and the secondary consists of several turns 
of either enameled magnet wire or insulated wire. The 
diameter of the ferrite core used in this example is 0.5" 
(SPANG/Magnetics F41206-TC). The rectifying diode at 
the output of the current transformer can be a 1N4148 
for secondary currents up to 75mA average. 

Sense FETs or resistive sensing can also be used to 
sense the switch current, the sensed signal has to be 
amplified to the proper level before it is applied to the 
ML4819. 

The value of the ramp compensation (SCpwm) as seen 
at pin 1 is: 

2.5 x R 9 



SCpwm = 



(11) 



Ri6 x Q x Ris 

The required value for R-js can therefore be found by 
equating: 

SCpwM = A SC x SpwM 

where Asc is the amount of slope compensation and 
solving for R^. 

The value of Rg (pin 2) depends on the selection of R2 
(pin 6) 

V, N (max) PEAK 260 x 1.414 

R 2 - — ^^- = 510K (12) 

lsiNE(P ea k) 0.72mA 

VrLAMP x R2 4.8 x 510K 

R 9 > LUNMK - s 22K (13) 

V| N (min) PEAK 80 x 1.414 

Choose R9 = 27K 

The peak of the inductor current can be found 
approximately by: 

1.414 x p OUT 1.414 x 200 



I. 



V| N (min) RM s 



90 



= 3.14A (14) 
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Selection of Nc which depends on the maximum 
switch current, assume 4A for this example is 80 turns. 



VriAMP x Nr 4.8 x 80 
Rr, = CLAMP : = 1000 



(15) 



LPEAK 



Where R-n ' s the sense resistor, and V cl ^ M p is the 
current clamp at the inverting input of the PWM 
comparator. This clamp is internally set to 5V. In actual 
application it is a good idea to assume a value less than 
5V to avoid unwanted current limiting action due to 
component tolerances. In this application Vclamp was 
chosen as 4.8V. 

Having calculated R^ the value Spwm and of R^ can 
now be calculated: 

380V - 20 100 
Spwm = u x — = 0.225V///S 
2m H 80 



2.5 x R 9 



R 18 : 



AsC x SpwM X R T x Cy 
2.5 x 27K 



(16) 



-=30K 



0.7 x (.225 x 106) x 14K x 1nF 
Choose R18 = 33K 
The following values were used in the calculation: 



R 9 = 27K 
R T = 14K 



A SC = 0.7 
C T = 1nF 



VOLTAGE REGULATION COMPONENTS 

The values of the voltage regulation loop components 
are calculated based on the operating output voltage. 
Note that voltage safety regulations require the use of 
sense resistors that have adequate voltage rating. As a 
rule of thumb if 1/4W resistors are available, two of 
them should be used in series. The input bias current 
of the error amplifier is approximately 0.5//A, therefore 
the current available from the voltage sense resistors 
should be significantly higher than this value. Since two 
1/4W resistors have to be used the total power rating is 
1/2W. The operating power is set to be 0.4W then with 
380V output voltage the value can be calculated as 
follows: 

R 5 = (380VP/0.4W = 360K (17) 

Choose two 178K, 1% connected in series. 

Then Re can be calculated using the formula below: 



R 6 = 



Vref x R 5 5V x 356K 
V B - V REF " 380V - 5V 



= 4.747K 



(18) 



Choose 4.75K, 1%. One more critical component in the 
voltage regulation loop is the feedback capacitor for 
the error amplifier. The voltage loop bandwidth should 
be set such that it rejects the 120Hz ripple which is 
present at the output. If this ripple is not adequately 
attenuated it will cause distortion on the input current 
waveform. Typical bandwidths range anywhere from a 
few Hertz to 15Hz. The main compromise is between 
transient response and distortion. The feedback 
capacitor can be calculated using the following formula: 



C 8 = 
Ci 



3.142 x R 5 x BW 

1 
3.142 x 356K x 2Hz 



(19) 



• 0.44A/F 



OVERVOLTAGE PROTECTION (OVP) COMPONENTS 

The OVP loop should be set so that there is no 
interaction with the voltage control loop. Typically it 
should be set to a level where the power components 
are safe to operate. Ten to fifteen volts above Vout 
seems to be adequate. This sets the maximum transient 
output voltage to about 395V. 

By choosing the high voltage side resistor of the OVP 
circuit the same way as above i.e. R7 = 356K then Rq 
can be calculated as: 

Vref x R7 5V x 356K 

R HEL i 4.564K (20) 

Vovp - Vref 395V - 5V 

Choose 4.53K, 1%. 

Note that R5, R 6 , R7 and R 8 should be tight tolerance 
resistors such as 1% or better. 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The Start-Up Circuit in figure 12 can be either a "bleed 
resistor" (39KO, 2W) or the circuit shown in figure 13. 
The bleed resistor method offers the advantage of 
simplicity and lowest cost, but may yield excessive turn- 
on delay at low line. 

When the voltage on pin 15 (Vcc) exceeds 16V, the IC 
starts up. The energy stored on the C10 supplies the IC 
with running power until the supplemental winding on 
T3 can provide the power to sustain operation. 




-v TO Vcc 



Figure 13. Start-Up Circuit 



ENHANCEMENT CIRCUIT 

The theory of operation of the power factor 
enhancement circuit (inside the dotted lines) in Figure 
11 is described in APPLICATION NOTE 11 in detail. It 
improves the power factor and lowers the input current 
harmonics. Note that the circuit meets the proposed 
I EC 555 specifications (with the enhancement) on the 
harmonics with a large margin while correcting the 
input power factor to better than 0.99 under most 
steady state operating conditions. 
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PWM SECTION 

The PWM section in figure 12 is a two switch forward 
converter, shown in figure 14 below for clarity. This fully 
clamped circuit eliminates the need for very high 
voltage MOSFETs. Flyback topology is also possible with 
the ML4819. 



385VDC y 




Figure 14. Two-Switch Forward Converter 

This regulator (figure 12) uses current mode control. 
Current is sensed through R24 and filtered for high 
frequency noise and leading edge transient through 
R23 and C14. The main regulation loop is through 
PWM B. The TL431 (U3) in the secondary serves as both 
the voltage reference and error amplifier, with isolation 
provided by an opto coupler (U2) providing a current 
command signal on pin 8. Loop compensation is 
provided by R29 and C20. The output voltage is set by: 



Vqut = 2.5 



R 28 ; 



(21) 



The control loop is compensated using standard 
compensation techniques. 

Current is limited to a threshold of 2A (1V on R24). The 
duty cycle is limited in this circuit to below 50% to 
prevent transformer (T3) core saturation. The maximum 
duty cycle limit of 45% is set using a threshold of 
Vref/2 on pin 7. 

The circuit in figure 12 can be modified for voltage 
mode operation by utilizing the slope current which 
appears on pin 9 as shown in figure 15 below. 

The ramp amplitude appearing on pin 9 will be 

Vr =~y x R(V) (22) 

where R^ is the slope compensation resistor. Since this 
circuit operates with a constant input voltage (as 
supplied by the PFC section) voltage feed-forward is 
unnecessary. 




J"i"| < FROM U2, R15 



Figure 15. Voltage Mode Configuration 

CONSTRUCTION AND IAYOUT TIPS 

High frequency power circuits require special care 
during breadboard construction and layout. Double 
sided printed circuit boards with ground plane on one 
side are highly recommended. All critical switching 
leads (power FEX output diode, IC output and ground 
leads, bypass capacitors) should be kept as small as 
possible. This is to minimize both the transmission and 
pick-up of switching noise. 

There are two kinds of noise coupling; inductive and 
capacitive. As the name implies inductive coupling is 
due to fast changing (high di/dt) circulating switching 
currents. The main source is the loop formed by Q1, 
D6, and C3-C4. Therefore this loop should be as small 
as possible, and the above capacitors should be good 
high frequency types. 

The second form of noise coupling is due to fast 
changing voltages (high dv/dt). The main source in this 
case is the drain of the power FET. The radiated noise 
in this case can be minimized by insulating the drain of 
the FET from the heatsink and then tying the heatsink 
to the source of the FET with a high frequency 
capacitor. 

The IC has two ground pins named PWR GND and 
Signal GND. These two pins should be connected 
together with a very short lead at the printed circuit 
board exit point. In general grounding is very important 
and ground loops should be avoided. Star grounding 
schemes are preferred. 
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Component Values/ Bill of Materials for Figure 12 



Component 


Description 


CI, C3 


0.6//F, 630V Film (250 VAC) 


C2 


330//F, 400V Electrolytic 


C4 


6800pF, 1KV Ceramic 


C5, C6 


1000pF 


C7 


10/uF, 35V 


C8, C11, C13, C15, C16 


1//F, Ceramic 


C9, C20, C21 


0.1//F, Ceramic 


C10 


1500//F, 25V Electrolytic 


C12, C17 


1//F, Ceramic 


C14 


2200pF 


C18 


1500AfF, 16V Electrolytic 


C19 


4.7/iF 


D1-D5 


1N5406 


D6 


MUR850 


D7, D10 


1N4148 


D8 


3V Zener diode or 4 x 1N4148 
in series 


D9 


MUR110 


D11, D12 


MUR150 


D13 


D83-004K 


D15 


1N4001 


D16, D14 


1N5818 or 1N5819 


F1 


5A, 250V, 3AG 


L1 


2mH, 4A l PEAK 
Core: Ferroxcube 4229-3C8 
150 Turns #24 AWG 
0.150" gap 


L2 


10//H 

Core: Spang OF 43019 UG00 

8 Turns #15AWC gap 0.05" 


Q1-Q3 


IRF840 


Q4, Q5 


2N2222 


Q6 


IRF821 


R1 


330K 


R2, R31 


510K 


R3 


5.6K 



Component 


Description 


R4 


12K 


R5, R7 


357K, 1% 


R6 


4.75K, 1% 


R8 


4.53K, 1% 


R9 


27K 


R10, R18 


33K 


R11 


91 fi 


R12, R22 


10Q 


R13, R14 


4.7K 


R15 


4.3K 


R16 


15K 


R17 


3Q 


R20 


7.5Q 


R21, R19 


3K 


R23 


100Q 


R24, R25 


1Q 


R26 


1.5K 


R27 


1.2K 


R28 


8.66K, 1% 


R29 


2.26K, 1% 


R30 


2K, 1W 


R32, R33 


2K 


T1 


Spang F41206-TC or 

Siemens B64290-K45-X27 or X830 or 

Ferroxcube 768T188-3C8 

N s - 80, N P = 1 


T2 


Same core as T1 
N s = N P - 15 bifilar 


T3 


Core: Ferroxcube 4229-3C8 
Pri. 44 Turns #18 Litz wire 
Sec. 4 Turns of copper strip 
Aux. 2 Turns #24 AWG 


U2 


MOC8102 


U3 


TL431 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE 
RANGE 


PACKAGE 


ML4819CP 
ML4819CS 


0°C to +70°C 
0°C to +70°C 


Molded DIP (P20) 
Molded PCC (S20W) 
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Power Factor Controller 



GENERAL DESCRIPTION 

The ML4821 provides the complete control for a "boost" 
type power factor correction system using the average 
current sensing method. Special care has been taken in 
the design of the ML4821 to increase system noise 
immunity. The circuit includes a precision reference, 
multiplier, average current error amplifier, output error 
amplifier, over-voltage protection comparator, shutdown 
logic, as well as a high current output. In addition, start- 
up is simplified by an under-voltage lockout circuit with 
7V hysteresis. 

In a typical application, the ML4821 controls the average 
current, adjusting the pulse width of the output to 
modulate the current so that its shape conforms to the 
shape of the input voltage. The reference for the current 
regulator is a product of the sinusoidal line voltage times 
the output of the error amplifier which is regulating the 
output DC voltage. Average line voltage compensation is 
provided in the multiplier to ensure constant loop gain 
over a wide input voltage range. This compensation 
includes a special "brown-out" control which reduces 
output power below 90V RMS input. 

For applications information, Please see Applications 
Note 16. 



The ML4821 uses Micro Linears bipolar array technology 
which allows for customization of the IC for a user's 
specific application. Please consult Micro Linear for semi- 
standard options. 

FEATURES 

■ Average current sensing for lowest possible 
harmonic distortion 

■ Average Line compensation with Brown-out control 

■ Precision buffered 5V Reference (±1%) 

■ Current Input Multiplier reduces external components 
and improves noise immunity 

■ 1 A Peak Current Totem-Pole Output Drive 

■ Over- Voltage comparator eliminates output "runaway" 
due to load removal 

■ Wide common mode range in current sense 
comparators for better noise immunity 

■ Large oscillator amplitude for better noise immunity 

■ Output Driver internally limited to 1 7V 

■ "Sleep mode" shutdown input 



BLOCK DIAGRAM 
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PIN CONNECTION 






ML4821 




ML4821 




18-Pin DIP 








20-Pin SOIC 




Ilim (Z 


1 18 


Zl GND 


Ilim IT" 




20 


~T~1 GND 


IAOUT Q 


2 17 


Her 


IAOUT [~T~ 


2 


19 


TIct 


'A-C 


3 16 


I]Vref 


IA-nZ 


3 


18 


~T~1 Vref 


IA+ [Z 


4 15 


Zl Vcc 


IA+LZLZ 


4 


17 


zn vcc 


•sine I 


5 14 


Zl OUT 


ISINE f~T~ 




16 


~T~I OUT 


EAOUT Q 


6 13 


Zl PCND 


eaout rr~ 


6 


15 


1 1 PGND 


EA-C 


7 12 


ZIrt 


ea-lze: 


7 


14 


T~l RT 


v «ms \Z 


8 11 


Z3 OVP 


vrms rr~ 


8 


13 


~1 | OVP 


SOFT START Q 


9 10 


Zl SYNC 


SOFT START fT~ 

n/cLZLZ 


9 


12 


~T~1 SYNC 
~T~I N/C 


TOP VIEW 


10 


11 






TOP VIEW 


PIN DESCRIPTION 


PIN 


PIN 




NO. NAME FUNCTION 


NO. NAME 


FUNCTION 


1 Ilim P ea k cycle-by-cycle Current limit 


10 SYNC 


Oscillator synchronization input 


input. 
2 IA OUT Output and 


compensation node of the 


11 OVP 




Inhibits output pulses when the 
voltage at this pin exceeds 5V. Also, 



average current error amplifier. 

IA- Inverting input of the average current 

error amplifier. 

IA+ Non-Inverting input of the average 

current error amplifier and output of 
the multiplier. 

Isine Current Multiplier input. 



EA OUT Output of output voltage error 
amplifier. 

INV Inverting input to error amplifier. 

Vrms Input for Average Line Voltage 

compensation 

SOFT Normally connected to Soft Start 

START Capacitor 



12 R T 



13 


PWR 
GND 


14 


OUT 


15 


Vcc 


16 


Vref 


17 


Ct 


18 


GND 



when the voltage at this pin is less 
than 0.7V, the IC goes into low current 
shut-down mode. 

Timing Resistor for the Oscillator 

Return for the High Current Totem 
pole output. 

High Current Totem pole output. 

Positive Supply for the IC. 

Buffered output for the 5V voltage 
reference. 

Timing Capacitor for the Oscillator. 

Analog signal ground. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Current dec) 35mA 

Output Current, Source or Sink (pin 14) 

DC 1 .OA 

Output Energy (capacitive load per cycle) 5uJ 

Multiplier Isine m P ut (P m 5) 1 .2mA 

Error Amp Source Current (pin 6) 50mA 

Oscillator Charge Current 2mA 

Analog Inputs (pins 1,3,4, 7,8,9,10,11) -0.3V to 5.5V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (9ja) 

Plastic DIP 65°C/W 

Plastic SOIC 65°CA/V 



OPERATING CONDITIONS 

Temperature Range 

ML4821C 0°Cto+70°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 6.2KQ, Or = 720pF, Ta= Operating Temperature Range, Vcc = 1 5V (Note 2). 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


OSCILLATOR 


Initial accuracy 


T A = 25°C 


90 


100 


110 


KHz 


Voltage stability 


12V<V CC <18V 




1 




% 


Temperature stability 






2 




% 


Total Variation 


Line, Temperature 


85 




115 


KHz 


Ramp Valley to Peak 




4.7 


5.2 


5.6 


V 


R T Voltage 




4.8 


5.0 


5.2 


V 


Discharge Current (pin 1 2 open) 


V P ,N17=2V 


7.8 


8.4 


9.3 


mA 


Sync Input Threshold 




1.5 


2.0 


3.0 


V 


REFERENCE SECTION 


Output Voltage 


T A =25 C,l =1mA 


4.95 


5.00 


5.05 


V 


Line regulation 


12V<V CC <24V 




2 


10 


mV 


Load regulation 


1 mA < l < 20mA 




2 


15 


mV 


Temperature stability 






.4 




% 


Total Variation 


line, load, temp 


4.9 




5.1 


V 


Output Noise Voltage 


10Hzto10KHz 




50 




uV 


Long Term Stability 


T A =125°C, 1000 hrs, (Note 1) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-30 


-85 


-180 


mA 


VOLTAGE ERROR AMPLIFIER (EA) 


Input Offset Voltage 









-15 


mV 


Input Bias Current 






-50 


-800 


nA 


Open Loop Gain 


2 < V P | N6 < 6V 


60 


75 




dB 


PSRR 


12V<V CC <24V 


70 


100 




dB 


Output Sink Current 


Vp,N6 = 4V,V P , N7 = 5.5V 


300 


500 




uA 


Output Source Current 


V P ,N6 = 4.0 V,V PIN7 = 4.8V 


-10 


-30 




mA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



VOLTAGE ERROR AMPLIFIER (EA) (Continued) 



Output High Voltage 


«PIN6 = -5mA, V PIN7 = 4.8V 


7.0 


7.5 




V 


Output Low Voltage 


lpiN6 = 0, V PlN7 = 5.5V 







0.5 


V 


Unity Gain Bandwidth 






1.0 




MHz 


Soft Start Charge Current 


Vpin9 = 4V 


-22 


-38 


-50 


uA 



CURRENT AMPLIFIER (IA) 



Input Offset Voltage 




-1.5 





+3.5 


mV 


Input Bias Current 






-0.15 


-1 


uA 


Input Offset Current 








+400 


nA 


Open Loop Gain 


2<V PIN6 <7V 


80 


100 




dB 


PSRR 


12V<V C c<24V 


65 


85 




clB 


Output Voltage Low 


Iol = 300pA 







0.5 


V 


Output Voltage High 


'oh = -1 0mA 


7.0 


7.5 




V 


Input Common Mode Range 




-0.3 




2.5 


V 



MULTIPLIER 



Gain 


Vp, N 7 = 4.8V,Vp, N8 = 0V 
Vp, N7 - 4.8V, Vp, N8 » 1.75V 
V PIN7 = 4.8V, V PIN8 = 2.6V 
V PIN7 = 4.8V, V PIN8 = 5.2V 


0.75 
3.1 
1.25 
0.22 


1.2 
3.88 
1.75 
0.38 


1.3 
4.45 
2.15 
0.50 




Output Current 


V PIN7 - 5.2V, V PIN8 = 5.2V 




-2 


-4 


UA 


Output Current Limit 


Vpi N7 = 4.8V, l P | N5 = 500mA, 
V PIN8 = 1.75V 


360 


395 


420 


uA 



l LIM COMPARATOR 



Input Offset Voltage 








+15 


mV 


Input Bias Current 






-100 


-200 


uA 



OVP COMPARATOR 



Input Offset Voltage 


Output Off 


-25 




5 


mV 


Hysteresis 


Output On 


85 


105 


130 


mV 


Input Bias Current 






-0.3 


-3 


uA 


Propagation Delay 






150 




ns 


Shutdown Threshold 




0.4 


0.7 


1.0 


V 



PWM COMPARATOR: I S ense 



Input Common Mode Range 









8 


V 


Propagation Delay 






150 




ns 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



MAX 



UNITS 



OUTPUT SECTION 



Output Voltage Low 


Iqut = 20mA 
Iout = 200mA 




0.1 
1.6 


0.4 
2.4 


V 
V 


Output Voltage High 


Iqut = -20mA 
Iout = -200mA 


13 
12 


13.5 
13.4 




V 
V 


Output Voltage Low in UVLO 


Iqut = -5mA, V cc = 8V 




0.1 


0.8 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




ns 



UNDER-VOLTAGE LOCKOUT 












Start-up Threshold 




14.5 




16.5 


V 


Shut-Down Threshold 




8.5 




10.5 


V 


Vref Good Threshold 






4.4 




V 



TOTAL DEVICE 



Supply Current 


Start-up, V CC = 14V, T A = 25°C 
Operating, T A = 25°C 




0.6 
26 


1.2 
32 


mA 
mA 


Internal Shunt Zener Voltage 


Ice = 35mA 


25 


27 


35 


V 



Note 1 . This parameter not 1 00% tested in production but guaranteed by design. 

Note 2: Vcc is raised above the Start-up Threshold first to activate the IC, then returned to 1 5V 



Note 3: Multiplier gain is defined as: 



bUTPIN4 
l|NPIN6 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4821 oscillator charges the external capacitor (Or) 
with a current equal to 2.5/Rj. When the capacitor 
voltage reaches the upper threshold, the comparator 
changes state and the capacitor discharges to the lower 
threshold through Q1 . 

The Oscillator period can be described by the following 
relationship: 



T osc : 
where: 



Tramp + Tdeadtime 



- (Irt/2) 



Tramp = QRamp Valley to Peak) - 
and: 
Tdeadtime = QRamp Valley to Pk) * (8.4mA - l RT /2) 



n n 



HK 




RAMP VALLEY 



The ML4821 oscillator includes a SYNC input for 
synchronizing to an external frequency source. A positive 
pulse on this pin of 2V (typ) resets the oscillators 
comparator and initiates a discharge cycle for Or. The Rj 
and Or component values which set the ML4821 
oscillator frequency should be selected to produce a 
lower frequency than the external frequency source. 



ERROR AND CURRENT AMPLIFIERS 

The ML4821 error amplifier is a high open loop gain, 
wide bandwidth, amplifier with a class A output. The soft 
start circuit controls the input to the error amplifier for 
closed loop soft start operation. 

The current amplifier (IA) is similar to the error amplifier 
but is designed for very low offsets to allow the selection 
of a low value resistor for Rsense- 

OUTPUT DRIVER STAGE 

The ML4821 Output Driver is a 1 A peak output high 
speed totem pole circuit designed to quickly drive 
capacitive loads, such as power MOSFET gates. The 
driver circuit's output voltage is internally limited to 1 7V. 

MULTIPLIER 

The ML4821 multiplier is a linear current input multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator. 

The output of the multiplier is a current which appears on 
pin 4 to form the reference for the current error amplifier 
and is given as: 



Imul=KxI S ineX(V ea -0.8) 



where: 



'sine is the current in the dropping resistor, Vea 
is the output of the error amplifier and K is a 
constant determined by the V(RMS) input on 
pin 8. K assumes a higher value for the range 
from 90 to 1 70V than in the range above 1 70V. 




Figure 1. Osccillator Block Diagram. 
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Figure 2. OsciHator Timing Resistance vs. Frequency. 
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Figure 3. Error and Current Amplifier Configuration 
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Figure 4. Error Amplifier Open-loop Gain and Phase vs. 
Frequency. 
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Figure 5. Output Saturation Voltage vs. Output Current. 



1 f 3 

85VAC 120VAC 

VOLTAGE ON PIN #8 

Figure 6. K-factor. Gain adjuster gain with 
respect to the voltage at pin #8. 



The output current of the multiplier is limited to: 



lMUL(MAX) = 



2.5 
Rt 



This sets the system current limit.The multiplier output 
current is converted into the reference voltage for the 
current (IA) amplifier through a resistor to ground on pin 
4, the multiplier output. 

Figure 6 shows the gain adjustor (K) with respect to the 
voltage at pin #8. The curve has been separated in two 
parts. The right hand part is for operation under normal 
conditions in the voltage range from minimum line 
voltage to maximum line voltage (90VAC to 260VAC). 
85 VAC on the curve has been chosen to account for 
tolerances. Under normal operating conditions as input 
voltage decreases the gain increases compensating for the 
drop in the loop gain. 

Under brownout conditions (below 85VAC) the gain 
decreases to limit the amount of current that is drawn 
from the line thus preventing an overload condition. This 
is a very useful feature since in many cases the load for a 
PFC is a constant power load. The input current has to go 
high to compensate for a drop in the input voltage. 



UNDER VOLTAGE LOCKOUT, 
OVP AND CURRENT LIMIT 

On power-up the ML4821 remains in the UVLO 
condition; output low and quiescent current low. The IC 
becomes operational when Vcc reaches 1 6V. When 
VCC drops below 9V, the UVLO condition is imposed. 
During the UVLO condition, the 5V Vref pin is "off", 
making it usable as a "flag" for starting up a down-stream 
PWM converter. 

OVP, SHUTDOWN, AND IC BIAS 

When the input to the OVP comparator exceeds Vref, the 
output of the ML4821 is inhibited. The OVP input also 
functions as a "sleep" input, putting the IC into the low 
quiescent UVLO state when the OVP pin is pulled below 
0.7V 

OFF-LINE START-UP AND BIAS SUPPLY GENERATION 

The circuit in Figure 11 below supplies Vcc power to the 
ML4821 . Start-up current is delivered via R1 0. The IC 
starts when pin 1 5 reaches 1 5.5V. After that time running 
power is delivered through the tap on L1 . The 
configuration shown delivers a voltage proportional to 
VOUT. 
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Figure 7. Multiplier Linearity. 
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Figure 8. Under- Voltage Lockout Block Diagram. 
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Figure 9. Total Supply Current vs. Supply Voltage. 
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Figure 10. Reference Load Regulation. 




Figure 11. Bias and Start-up Circuit. 



ORDERING INFORMATION 



PART NUMBER. 


TEMPERATURE RANGE 




ML4821CP 
ML4821CS 


0°C to +70°C 
0°C to +70°C 


18-Pin Molded DIP (P1 8) 
18-Pin Molded SOIC (S18VV) 



Note: Other packages and temperature ranges can be made available on request. Contact your local Micro Linear 
Representative for more information. 



7-134 



fi^ Micro Linear 



tf^ Micro Linear 



July 1992 

ML4821 EVAL 



Average Current PFC Controller Evaluation Kit 



GENERAL DESCRIPTION 

The ML4821 EVAL kit provides a convenient vehicle to 
evaluate the ML4821 average current sense power factor 
correction control IC. It contains all of the necessary 
documentation with the evaluation board and key 
components to quickly evaluate the application circuit. 
The board is designed for a 200W universal input PFC 
circuit. However power components can be replaced for 
higher or lower power applications. 

KIT COMPONENTS 

■ User's Guide 

■ ML4821 Datasheet 

■ Application Note 16 

■ ML4861 Sample 

■ Evaluation Board 

■ Key Power Semiconductor Components 

■ Powder Iron Toroidal Inductor 

■ Input and output filter capacitors 

■ Heatsinks 



FEATURES 

■ Harmonic currents well below proposed IEC555-2 
limits. 

■ Power Factor » .99 

■ THD < 5% 

■ Universal Input Range (85Vac to 256Vac) 

■ 380V output at 200W. 

■ Efficiency as high as 94%. 

■ Auxiliary supply from additional inductor winding. 

■ OVP protection. 
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High Frequency Power Supply Controller 



GENERAL DESCRIPTION 

The ML4823 High Frequency PWM Controller is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the comparators 
and logic for reliable high frequency operation while slew 
rate and bandwidth are maximized on the error amplifier. 
This controller is designed for single-ended applications 
using voltage or current mode and provides for input 
voltage feed forward. 

A 1 V threshold current limit comparator provides cycle- 
by-cycle current limit and exceeding a 1 .4V threshold 
initiates a soft-start cycle. The soft start pin doubles as a 
maximum duty cycle clamp. All logic is fully latched to 
provide jitter-free operation and prevent multiple pulsing. 
An under-voltage lockout circuit with 800mV of hysteresis 
assures low startup current and drives the outputs low 
during fault conditions. 

This controller is an improved second source for the 
UC1823 controller, however the ML4823 includes 
features not found on the 1 823. These features are set in 
Italics. 



FEATURES 

■ Practical Operation at Switching Frequencies to 
1.0MHz 

■ High Current (2A peak) Totem Pole Output 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, ±1% Trimmed Bandgap Reference 

■ Low Start-up Current (1 .1 mA) 

■ Pin Compatible Improved Replacement for UC1 823 

■ Fast Shut Down Path from Current Limit to Output 
m Soft Start Latch Ensures Full Soft Start Cycle 

m Outputs Pull Low for Undervoltage Lockout 
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PIN CONFIGURATION 



ML4823 




16-PIN DIP 


INV C 




"^ 16 


C| 5.1V REF 


NIC 


2 


15 


Zl v cc 


E/A OUT C 


3 


14 


C OUTPUT 


CLOCK C 


4 


13 


Cvc 


RtC 




12 


CI PWRGND 


ctC 


6 


11 


d '"M REF 


RAMP C 




10 


C CND 


SOFT START C 


8 


9 


C ILIM/S.D. 




TOP VIEW 





ML4823 
20-PIN PCC 



Z £ Z in > 

n n n n n 



E/A OUT C 4 
CLOCK C 5 

NC[> 
RtO 
CtO 



9 10 11 12 13 

u u u u u 



3 



18 U OUTPUT 

17l]Vc 

16l]NC 

15 U PWRGND 

14 H Ilim REF 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 INV Inverting input to error amp. 

2 Nl Non-inverting input to error amp. 

3 E/A OUT Output of error amplifier and input to 

main comparator. 

4 CLOCK Oscillator output. 

5 Rj Timing Resistor for Oscillator — sets 

charging current for oscillator timing 
capacitor (pin 6). 

6 C T Timing Capacitor for Oscillator. 

7 RAMP Non-inverting input to main 

comparator. Connected to Or for 
Voltage Mode operation or to current 
sense resistor for current mode. 

8 SOFT START Normally connected to Soft Start 

Capacitor. 



PIN# NAME 



FUNCTION 



9 Ilim/S.D. Current limit sense pin. Normally 

connected to current sense resistor. 

10 GND Analog Signal Ground. 

11 Ilim REF Reference input for cycle-by-cycle 

current limit comparator. 

1 2 PWR GND Return for the High Current Totem 

pole outputs. 

1 3 V c Positive Supply for the High Current 

Totem pole outputs. 

14 OUT B High Current Totem pole output. 

1 5 Vcc Positive Supply for the IC. 

16 5.1 V REF Buffered output for the 5.1V voltage 

reference. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (pins 1 5, 1 3) 30V 

Output Current, Source or Sink (pins 11, 14) 

DC 0.5A 

Pulse (0.5ns) 2.0A 

Analog Inputs 

(Pins 1 , 2, 7, 8, 9) -0.3V to 6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 8) 20mA 

Oscillator Charging Current (Pin 5) -5mA 

Junction Temperature 

ML4823M 150°C 

ML4823I, ML4823C 125°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) +260°C 



Thermal Resistance (9ja) 

Plastic DIP 65°C/W 

Ceramic DIP 65°C/W 

Plastic Chip Carrier (PCC) 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4823M -55°C to +125°C 

ML4823I -40°C to +85°C 

ML4823C 0°Cto+70°C 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratings only and 
functional device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 3.65KQ, Or = 1000pF, T A = Operating Temperature Range, V<x = 1 5V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


initial Accuracy 


Tj = 25°C, (NoteD 


360 


400 


440 


KHz 


Voltage Stability 


1 0V < V CC < 30V, (Note 1) 




0.2 


2 


% 


Temperature Stability 


(NoteD 




5 




% 


Total Variation 


Line, Temp, (Note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(NoteD 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(NoteD 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(Note!) 


1.6 


1.8 


2.0 


V 


Reference Section 


Output Voltage 


Tj = 25°C, l = 1mA 


5.05 


5.10 


5.15 


V 


Line Regulation 


10V<V CC <30V 




2 


20 


mV 


Load Regulation 


1 mA < lo < 1 0mA 




5 


20 


mV 


Temperature Stability 


-55°C<T j <150°C, (NoteD 




0.2 


0.4 


% 


Total Variation 


Line, load, temp. (Note 1) 


5.00 




5.20 


V 


Output Noise Voltage 


10Hz to 10KHz (NoteD 




50 




uV 


Long Term Stability 


Tj = 125°C, 1000 hrs, (NoteD 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 


Operating Temperature Range 






±15 


mV 


Input Bias Current 






0.6 


3 


HA 


Input Offset Current 






0.1 


1 


uA 


Open Loop Gain 


1 < V < 4V 


60 


95 




dB 
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ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Rj = 3.65KQ, Or = 1 nF, T A = Operating Temperature Range, Vcc = 1 5V. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


CMRR 


1.5 < V C c < 5.5V 

Operating Temperature Range 


75 


95 




dB 


PSRR 


10<V CC <30V 

Opening Temperature Range 


85 


110 




dB 


Output Sink Current 


V P ,N3 = 1V 


1 


2.5 




mA 


Output Source Current 


V P |N3 = 4V 


-0.5 


-1.3 




mA 


Output High Voltage 


IpiN 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpi N 3 = 1 mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(NoteD 


3 


5.5 




MHz 


Slew Rate 


(Note!) 


6 


12 




V/\xs 


PWM Comparator Section 


Pin 7 Bias Current 


V P ,N7 = 0V 




-1 


-5 


HA 


Duty Cycle Range 









80 


% 


Pin 3 Zero DC Threshold 


V P ,N7 = 0V 


1.1 


1.25 




V 


Delay to Output 


(NoteD 




50 


80 


ns 


Soft-Start Section 


Charge Current 


V PIN8 = 0.5V 


3 


9 


20 


uA 


Discharge Current 


V P ,N8=1V 


1 






mA 


Current Limit/Shutdown Section 


Pin 9 Bias Current 


OV < Vpi N9 < 4V 






±10 


uA 


Current Limit Offset 


V P |N11 = 1.1V 







15 


mV 


Pin 1 1 Common Mode Range 




1.0 




1.25 


V 


Shutdown Threshold 




1.25 


1.40 


1.55 


V 


Delay to Output 


(NoteD 




50 


80 


ns 


Output Section 


Output Low Level 


Iqut = 20mA 




0.25 


0.40 


V 




•out = 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut = -20mA 


13.0 


13.5 




V 




Iqut = -200mA 


12.0 


13.0 




V 


Collector Leakage 


V c = 30V 




100 


500 


UA 


Rise/Fall Time 


C L = 1000PF, (NoteD 




30 


60 


ns 


Under- Voltage Lockout Section 


Start Threshold 




8.8 


9.2 


9.6 


V 


UVLO Hysteresis 




0.4 


0.8 


1.2 


V 


Supply Current 


Start Up Current 


V C c = 8V 




1.1 


2.5 


mA 


Ice 


V PIN 1 , 7, 9 = 0V 
V P ,N2 = 1V 




22 


33 


mA 



Note 1 : This parameter not 1 00% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4823 oscillator charges the external capacitor (Or) 
with a current (Iset) equal to 3/Rset- When the capacitor 
voltage reaches the upper threshold (Ramp Peak), the 
comparator changes state and the capacitor discharges to 
the lower threshold (Ramp Valley) through Q1 . While the 
capacitor is discharging, Q2 provides a high pulse. 



The Oscillator period can be described by the following 
relationship: 

T osc = Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/lsET 
and: T DEADT | ME = C (Ramp Valley to Peak)/^ 




RAMP VALLEY 




160 
140 





1.0nF 


































470pF 









100K 

FREQ (Hz) 



Figure 3. Oscillator Deadtime vs Frequency 



Figure 1 . Oscillator Block Diagram 




100 IK 10K 100K 



FREQ (Hz) 

Figure 2. Oscillator Timing Resistance vs Frequency 
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Figure 4. Oscillator Deadtime vs C T (3KQ < R T < 100KQ) 
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ERROR AMPLIFIER 

The ML4823 error amplifier is a 5.5MHz bandwidth 1 2V/us 
slew rate op-amp with provision for limiting the positive 
output voltage swing (Output Inhibit line) for ease in 
implementing the soft start function. 
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Figure 6. Open Loop Frequency Response 



OUTPUT DRIVER STAGE 

The ML4823 Output Driver is a 2A peak output high speed 
totem pole circuit designed to quickly switch the gates of 
capacitive loads, such as power MOSFET transistors. 
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Figure 7. Simplified Schematic 



Figure 9. Rise/Fall Time (C L = 1000pF) 
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Figure 8. Saturation Curves 
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SOFT START AND CURRENT LIMIT 

The ML4823 employs two current limits. When the 
voltage at pin 9 exceeds the Ilim REF threshold on pin 11, 
the outputs are immediately shut off and the cycle is 
terminated for the remainder of the oscillator period by 
resetting the RS flip flop. 

If the output current is rising quickly (usually due to 
transformer saturation) such that the voltage on pin 9 
reaches 1 .4V before the outputs have turned off, a soft 
start cycle is initiated. The soft start capacitor (pin 8) is 
discharged and outputs are held "off" until the voltage at 
pin 8 reaches 1 V, ensuring a complete soft start cycle. 
The duty cycle on start up is limited by limiting the output 
voltage of the error amplifier voltage to the voltage at 
pin 8. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4823CP 


0°C to +70°C 


Molded DIP (PI 6) 


ML4823CQ 


0°C to +70°C 


Molded PCC (Q20) 


ML4823CS 


0°C to +70°C 


Molded SOIC(S16W) 


ML4823IP 


-40°C to +85°C 


Molded DIP (P1 6) 


ML4823IQ 


-40°C to +85°C 


Molded PCC (Q20) 


ML4823IS 


-40°C to +85°C 


Molded SOIC(S16W) 


ML4823MJ 


-55°Cto+125°C 


Hermetic DIP (J1 6) 
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Power Factor and PWM Combo 



GENERAL DESCRIPTION 

The ML4824 is a complete controller for a power factor 
corrected, switched mode power supply. Power Factor 
Correction results in smaller, lower cost bulk capacitors, 
reduces power line loading and the stress on switching 
FETs, and results in a power supply that fully complies 
with IEC555-2 specifications. Contained in the ML4824 
are circuits for the implementation of a leading edge, 
average current mode "boost" type power factor 
correction and a trailing edge, synchronized current or 
voltage mode pulse width modulator (PWM). 

The ML4824 comes in two versions; the ML4824XP-1 
(fpWM = fpFd and the ML4824XP-2 (f PWM = 2f PFC ). 
Doubling the switching frequency of the PWM allows the 
user to design with a smaller output inductor and 
capacitor. 

An over-voltage comparator is configured to shut-down 
the PFC section in the event of a sudden decrease in load. 
The PFC section also includes peak current limiting and 
input voltage brown-out protection. 

The PWM section can be operated in current mode or 
voltage mode and includes a precision duty cycle limit to 
prevent transformer saturation. 



When a brown-out occurs, the VINOK comparator shuts 
down both the PFC and the PWM. A soft-start of the PWM 
follows with the return of normal line power. 

FEATURES 

■ Internally Synchronized PFC and PWM in one IC 

■ Low Total Harmonic Distortion 

■ Average Current Sensing, Continuous Boost, 
Leading Edge PFC 

■ High Efficiency, Trailing Edge PWM 

■ Current Mode or Voltage Mode PWM 

■ Average Line Voltage Compensation with Brown-Out 
Control (Universal Input) 

■ PFC Over-Voltage Comparator Eliminates Output 
"Runaway" Due to Load Removal 

■ Current Fed Multiplier to Improve Noise Immunity 

■ Simplified Compensation Scheme 

■ Overvoltage Protection, UVLO, and Soft Start 
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PIN CONFIGURATION 



ML4824 

16-Pin DIP (P1 6) 

16-Pin SOIC(S16W) 



IEAO Q 


1 


^^r- 


16 


3 VEAO 


Iac C 


2 




15 


UFB 


•sense \Z 


3 




14 


3 REF 


Vrms E 


4 




13 


I] v C c 


ss Q 


5 




12 


3 VQ1 


Vdc C 


6 




11 


"2 V02 


RAMP1 Q 


7 




10 


J GND 


RAMP2 Q 


8 




9 


U DCIlim 






TOP VIEW 







PIN DESCRIPTION 








PIN# NAME 


FUNCTION 


PIN# 


NAME 


FUNCTION 


1 IEAO 


PFC transconductance current error 


9 


DCI L ,M 


PWM current limit. 




amplifier output. 


10 


GND 


Ground. 


2 Iac 


PFC multiplier reference input. 


11 


V02 


PWM driver output. 


3 'sense 


Current sense input to the PFC current 
limit comparator. 


12 


VOI 


PFC driver output. 


4 V RMS 


Input for PFC RMS line voltage 


13 


V C c 


Positive supply (with shunt regulator). 




compensation. 


14 


REF 


Buffered output for the 7.5V voltage 


5 SS 


PWM soft start (capacitor). 






reference. 


6 V DC 


PWM voltage feedback input. 


15 


FB 


PFC transconductance voltage error 
amplifier input. 


7 RAMP1 


Oscillator timing node; timing set 
k», p r 


16 


VEAO 


PFC transconductance voltage error 



8 RAMP2 Current mode; current sense input. 

Voltage mode; input for PFC output 
(feed forward ramp). 



amplifier output. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current (Ice) 55mA 

Peak Output Current, Source or Sink 

(pins 11 & 12) 0.5A 

Output Energy (capacitive load per cycle) 1 .5mJ 

Multiplier Iac Input (pin 2) 10mA 

Analog Inputs (pins 4, 6, 9 & 1 5) -0.3V to V C c - 2V 

Pin 3 input voltage -3V to +5V 



Junction Temperature 150°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (8ja) 

Plastic DIP 80°C/W 

Plastic SOIC 105°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4824C 0°C to 70°C 

ML4824I -40°C to +85°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj = 52.3kQ, Cj = 470pF, Tj = Junction Operating Temperature Range, Ice = 25mA 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Amplifiers (pins 1 , 3, 1 5, 1 6) 


Transconductance, gmv 


Vnon-inv = Vinv (Note 1) 


30 


85 


140 


V15 


Transconductance, grri| 


VNON-INV = V| NV (N0te1) 


130 


195 


335 


M-U 


Input Offset Voltagev 






±3.0 


±15.0 


mV 


Input Offset Voltagei 






±3.0 


±15.0 


mV 


Input Bias Current 






-0.3 


-1.0 


uA 


Open Loop Gain 




60 


75 




dB 


PSRR 


Vccz - 3V < V cc < V C cz - 0.5V 


60 


75 




dB 


Input Voltage Range 


Pin 1 5 (Note 3) 







7 


V 




Pin 3 (Note 3) 


-1.5 




2 


V 


Output Low 






0.65 


1 


V 


Output High 




6.0 


6.7 




V 


Source Current 


AV, N = ±0.5V, Vqut = 6V 




-80 


-40 


uA 


Sink Current 


AV, N = ±0.5V, Vqut = 1 -5V 


40 


80 




uA 


Comparators (pins 1 , 3, 5, 6, 1 5) 


OVP Threshold 




2.6 


2.7 


2.8 


V 


OVP Hysteresis 




80 


115 


150 


mV 


ILIM Threshold 




-0.80 


-1.0 


-1.15 


V 


ILIM Delay to Output 


(Note 3) 




150 


300 


ns 


DCIlim Threshold 




0.90 


1.0 


1.10 


V 


DCIlim Delay to Output 


(Note 3) 




150 


300 


ns 


VINOK Threshold 




2.4 


2.5 


2.6 


V 


VINOK Hysteresis 




0.8 


1.0 


1.2 


V 


Input Bias Current 






±0.3 


±1 


uA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



Multiplier 



Gain (Note 2) 


l P , N 2 = 100nA,Vp, N 4 = 0V, 

V P |N15 = 0V 


0.36 


0.51 


0.66 






l PIN2 = 50uAV P | N4 = 1.2V, 
V P |N15 = 0V 


1.20 


1.72 


2.24 






IPIN2 = SO^A, V P | N4 = 1 .8V, 

V P |N15 = 0V 


0.55 


0.78 


1.01 






lpi N2 = 100uA, Vp, N4 = 3.3V, 
V P |N15 = 0V 


0.14 


0.20 


0.26 




Bandwidth 


l AC = 250uA 




10 




MHz 


Multiplier Output Voltage 


V P ,N15 = 0V / V PIN5 = 1.15 V 
lp )N2 = 250nA 


0.72 


0.8 


0.88 


V 



Oscillator 



Initial Accuracy 


T A = 25°C 


71 


76 


81 


kHz 


Voltage Stability 


Vccz-3V<Vcc<V C cz-0.5V 




1 




% 


Temperature Stability 


Over operating temp, range 




2 




% 


Total Variation 


Line, temp. 


68 




84 


kHz 


Ramp Valley to Peak Voltage 






2.5 




V 


Dead Time 


PFC only 


270 


370 


470 


ns 


Or Discharge Current 


V P iN8 = 0V / V PIN7 = 2.5V 


4.5 


7.5 


9.5 


mA 



Reference 



Output Voltage 


T A = 25 C,l =1mA 


7.4 


7.5 


7.6 


V 


Line Regulation 


Vccz-3V<V C c<Vccz-0.5V 




2 


10 


mV 


Load Regulation 


1 mA < l < 20mA 




2 


15 


mV 


Temperature Stability 






0.4 




% 


Total Variation 


Line, load, temp. 


7.25 




7.65 


V 


Long Term Stability 


Tj = 125°C, 1000 hrs (Note 3) 




5 


25 


mV 


Short Circuit Current 


Vcc < V C cz - 0.5V, V REF = 0V 


-15 


-40 


-100 


mA 



PWM 












Start Period Duty Cycle 


ML4824-1 


0-44 


0-47 


0-50 


% 




ML4824-2 


0-37 


0-40 


0-45 


% 



PFC 



Minimum Duty Cycle 


V,eao>3.8V 









% 


Maximum Duty Cycle 


V, EAO <1.2V 


90 


95 




% 



Outputs 



Output Voltage Low 


Iout = -20mA 




0.3 


0.8 


V 




Iout = -50mA 




0.5 


3.0 


V 


Output Vuiidgc riigri 


Iqut = 20mA 


9.5 


10 




V 




'out = 50mA 


9 


9.5 




V 


Output Voltage Low in UVLO 


Iout = 1 0mA, V cc = 8V 




0.7 


1.5 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




ns 
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PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Under- Voltage Lockout and Bias Circuits 



l c Shunt Voltage (V CC z) 


Ice = 25mA 


12.8 


13.5 


14.2 


V 


V<xz Load Regulation 


25mA < Ice < 55mA 




±150 


±300 


mV 


Vccz Total Variation 


Load, temp. 


12.4 




14.6 


V 


Start-up Current 


V cc ^ 12.3V 




0.7 


1.1 


mA 


Operating Current 


V C c = V C cz -0.5V 




16 


19 


mA 


Undervoltage Lockout Threshold 




12 


13 


14 


V 


Undervoltage Lockout Hysteresis 




2.7 


3.05 


3.4 


V 



Note 1 : gmV is the feedback amplifier transconductance and gml is the sense amplifier transconductance. 
Note 2 : Gain = K x 5 3 V; K = (l MU LO - 'offset) «ac * V EAO - 1 .5H 
Note 3 - This parameter not 1 00% tested but guaranteed by design. 



TYPICAL PERFORMANCE CHARACTERISTICS 

Multiplier Gain (K) vs. VRMS 




VRMS(V) 



IEAO Transconductance (gm) 



fe* 



o 

Vin (mV) 



VEAO Transconductance (gm) 




Vin (V) 
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FUNCTIONAL DESCRIPTION 

OVERVIEW 

The ML4824 consists of an average current controlled, 
continuous boost Power Factor (PFC) front-end section 
with a synchronized Pulse Width Modulator (PWM) back- 
end. The PWM can be used in either current mode or 
voltage feed-forward mode. 

Synchronizing the PWM with the PFC simplifies the PWM 
compensation due to the controlled ripple on the PFC 
output capacitor (the PWM input capacitor). The 
ML4824XP-1 runs at the same frequency as the PFC. 
The ML4824XP-2 runs at twice the frequency of the PFC; 
resulting in a smaller output capacitor and inductor. 

In addition to power factor correction, a number of hazard 
protection features have been built into the ML4824 
including soft-start, over-voltage, peak current limiting, 
brown-out protection, duty cycle limit, and under-voltage 
lockout. 

PFC SECTION 

Multiplier 

Figure 1 shows the PFC multiplier section. The ML4824 
multiplier is a linear current input multiplier which 
provides the high noise immunity required in high power 
switching power conversion. The rectified input sine wave 
is converted to a proportional current via a resistor and is 
then fed into the multiplier at pin 2, l AC . Sampling current 
in this way reduces ground noise to an insignificant level. 

The output of the multiplier is a 1 20Hz current sine wave 
which appears on the negative terminal of the IEA 
amplifier to form the reference for the current error 
amplifier. The quality of this waveform is dependent on 
the quality of the line voltage. The output voltage of the 
multiplier is given by: 

V MUL « (K)(l AC )(VEAO - 1 .5V)(3.5kQ) 



where: 

Iac is the current in the dropping resistor 

VEAO is the output of the error amplifier 

K is the gain of the multiplier 

The output of the multiplier is limited to around 0.8V and 
its typical gain characteristics are illustrated in the typical 
performance characteristics. 

AVERAGE CURRENT AND OUTPUT VOLTAGE 
REGULATION 

The modulator in the PFC section will act to offset the 
positive voltage caused by the multiplier output by 
producing an offsetting negative voltage on the current 
sense resistor at pin 3. A cycle-by-cycle current limit is 
included to protect the MOSFET from high frequency 
current transients. When the voltage at pin 3 goes 
negative by more than one volt (-1 V), the PFC modulation 
cycle is terminated. 

For more information on compensating the average 
current and boost voltage error amplifier loops, see 
Application Notes 16, 33, and 34. 

OVER- VOLTAGE PROTECTION 

The over-voltage scheme is shown in Figure 2. The OVP 
comparator serves to protect the power circuit from being 
subjected to excessive voltages if the load should change 
suddenly. 

A resistor divider from the high voltage DC output of the 
PFC is fed to FB at pin 15. When the voltage on pin 1 5 
exceeds 2.7V, the PFC output driver is shut down. The 
PWM section will continue to operate. The OVP 
comparator has 125mV of hysteresis, and the PFC will not 
restart until the voltage at FB drops below 2.58V. The OVP 
feedback voltage, FB, should be set at a level where the 
active and passive external power components are safe to 
operate and within the safe operating voltage of the Iq but 
not so low as to interfere with the boost voltage regulation 
loop. 



E ra 




m 



FROM- 
IEA 
OUTPUT 




Figure 1. Multiplier Block Diagram 



Figure 2. PFC Over- Voltage Comparator 
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Error Amplifier Compensation 

The PWM loading of the PFC can be modelled as a 
negative resistor; an increase in input voltage to the PWM 
causes a decrease in the input current. This response 
dictates the proper compensation of the two 
transconductance error amplifiers. 

The PFC has two error amplifiers in the control loop. 
Figure 3 illustrates compensation for the amplifiers. 



OSCILLATOR (RAMP1) 

The oscillator frequency is determined by the values Of Rj 
and Or, which determine the ramp and off-time of the 



oscillator output clock fosc ~ 



1 



(*RAMP + tDEADTIME) 



The deadtime of the oscillator is derived from the 
following equation: 




o-wv — Q} 



Figure 3. Compensation 

There are two major concerns in compensating the 
voltage loop error amplifier; stability and transient 
response. Optimizing interaction between transient 
response and stability requires that the closed loop error 
amplifier bandwidth be 1/2 that of the line frequency or 
30Hz for a 60Hz line. 

Current Amplifier Compensation 

The current amplifier compensation is similar to that of 
the error amplifier with the exception of the choice of cut- 
off frequency. The cut-off frequency of the current 
amplifier must be 1 times that of the voltage amplifier to 
prevent interaction with the voltage loop. It should also be 
limited to less than 1/6th that of the switching frequency; 
16.7kHz for a 100kHz switching frequency. 

For more information on calculating the values of 
compensation networks, see appication note 33 and 
appication note 34. 



tRAMP = (C T )(R T )(ln) 



-1.25 



lVref-3.75, 



= 0.51{(R T )(C T )} 



@V REF =7.5V 



The ramp of the oscillator may be determined using the 
following: 

tDEADTIME = (C T )^~ = < 490 > {C T> 

5.1mA 

The deadtime is so small ^ramp » tDEADTIME) tnat tne 
operating frequency can typically be approximated by 



EXAMPLE: 

For the application circuit shown in the data sheet, with 
the oscillator running at 



f osc = (100kHz)(f osc ) = l 



T oscillation period t RAMP 
tRAMP = (0.51)(R T )(C T ) = 1 x 1 0" 6 



So 



(R T )(C T ) = 20x10- 5 
Choosing standard components values 

C T = 470pF 
and 

R-r = 41 .2KQ 
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PWM SECTION 

Soft Start 

Start-up of the PWM is controlled by the selection of the 
external capacitor on pin 5, SS. A current source of 50\xA 
supplys the charging current for the capacitor, and start-up 
of the PWM begins at 1 .25V. Start up delay can be 
programmed by the following equation: 



Css = (t d ) 



50uA 
1.25V 



where Css is the required capacitance, and t^ is the 
desired start-up delay. 

It is important that the time constant of the PWM soft-start 
allow the PFC time to generate sufficient output power for 
the PWM. The PWM start-up delay should be at least 5mS. 

Thus, we get; 

Css= (5x10- 3 )™^ 
bb 1.25V 

Where Css ' s tne required capacitance. 



VINOK Comparator 

The VINOK comparator monitors the DC output of the 
PFC and inhibits the PWM if this voltage is lower than 
380V. Once this voltage reaches 380V, the soft-start 
commences. 

PWM CONTROL (RAMP2) 

RAMP2 can be used as the PWM feedback or as a feed- 
forward ramp from the PFC with a peak voltage of 5V. 

PWM CURRENT LIMIT 

A current limit comparator is included with the non- 
inverting input on pin 9, DCIlim- The trigger level is set at 
1 V on the inverting input. 

TYPICAL APPLICATION CIRCUIT 

Figure 4 is the application circuit for a complete 200W 
power factor corrected power supply. Full design details 
are covered in Application Note 33, ML4824 Combo 
Controller Applications. 
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ML4824 

ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4824CP-1 


0°C to +70°C 


Molded DIP (P1 6) 


ML4824CS-1 


0°C to +70°C 


WideSOIC(S16W) 


ML4824CP-2 


0°C to +70°C 


Molded DIP (P1 6) 


ML4824CS-2 


0°C to +70°C 


WideSOIC(S16W) 


ML4824IP-1 


-40°C to +85°C 


Molded DIP (P1 6) 


ML4824IS-1 


-40°C to +85°C 


WideSOIC(S16W) 


ML4824IP-2 


-40°C to +85°C 


Molded DIP (P1 6) 


ML4824IS-2 


-40°C to +85°C 


WideSOlC(S16W) 
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High Frequency Power Supply Controller 



GENERAL DESCRIPTION 

The ML4825 High Frequency PWM Controller Is an IC 
controller optimized for use in Switch Mode Power 
Supply designs running at frequencies to 1MHz. 
Propagation delays are minimal through the 
comparators and logic for reliable high frequency 
operation while slew rate and bandwidth are 
maximized on the error amplifier. This controller is 
designed to work in either voltage or current mode 
and provides for input voltage feed forward. 

A 1V threshold current limit comparator provides 
cycle-by-cycle current limit while exceeding a 1.4V 
threshold initiates a soft-start cycle. The soft start pin 
doubles as a maximum duty cycle clamp. All logic is 
fully latched to provide jitter-free operation and 
prohibit multiple pulsing. An under-voltage lockout 
circuit with 800mV of hysteresis assures low startup 
current and drives the outputs low. 

The ML4825 is fabricated on a 40V bipolar process 
from the FB3480 Power Supply Controller Array. 
Customized versions of this controller are therefore 



easily implemented. Please refer to the FB3480 
datasheet for more information. 

This controller is similar in architecture and 
performance to the UC1825 controller, however the 
ML4825 includes many features not found on the 1825. 
These features are set in Italics. 

FEATURES 

■ Practical Operation at Switching Frequencies to 1.0MHz 

■ High Current (2A peak) Dual Totem Pole Outputs 

■ Wide Bandwidth Error Amplifier 

■ Fully Latched Logic with Double Pulse Suppression 

■ Pulse-by-Pulse Current Limiting 

■ Soft Start and Max. Duty Cycle Control 

■ Under Voltage Lockout with Hysteresis 

■ 5.1V, +1% Trimmed Bandgap Reference 

■ Pin Compatible Improved Replacement for UC1825 

■ Fast Shut Down Path from Current Limit to Outputs 

■ Outputs Preset to Known Condition After Under 
Voltage Lockout 

m Soft Start Latch Ensures Full Soft Start Cycle 
m Outputs Pull Low for Undervoltage Lockout 



BLOCK DIAGRAM 
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PIN CONNECTIONS 



ML4825 
16-Pin DIP 




ML4825 
16-Pin SOIC 



inv DC 
ni CE 

E/A OUT CT 
CLOCK CE 

R(T) CE 

c(D cr 

RAMP CE 7 
SOFT START EX 8 



16 33 5.1V REF 
15 in V C C 
14 13 OUTB 

U v c 

U PWRGND 
12 OUT A 
X] CND 
ID l(LIM)/S.D. 



E/A OUT £ 4 
CLOCK [ 5 

NC [6 
R(T) [ 7 
C(T) [ 8 



ML4825 
20-Pin PCC 

5.1V REF 

Nl INV NC | Vcc 

,n n n n n 

l 2 1 20 19 



9 10 11 12 13 

u u u u u 



3 OUTB 

17DV C 
3 NC 
15 3 PWRGND 



H OUT A 



RAMP ♦ NC ♦ GND 
SOFT START l(LIM)/S.D. 



PIN DESCRIPTION 



PIN # 



NAME 



FUNCTION 



Inverting input to error amp. 

Non-inverting input to error amp. 

Output of error amplifier and 
input to main comparator. 

Oscillator output. 

Timing Resistor for Oscillator — 
sets charging current for oscillator 
timing capacitor (pin 6). 

Timing Capacitor for Oscillator. 

Non-Inverting input to main 
comparator. Connected to C(T) for 
Voltage Mode operation or to 
current sense resistor for current 
mode. 

SOFT START Normally connected to Soft Start 
Capacitor. 



1 

2 
3 


INV 

Nl 

E/A OUT 


4 
5 


CLOCK 
R(T) 


6 

7 


C(T) 
RAMP 



PIN ft 



13 



NAME 



FUNCTION 



9 


l(LIM)/S.D. 


10 


GND 


11 


OUT A 


12 


PWR GND 



Vc 



14 


OUTB 


15 


Vcc 


16 


5.1V REF 



Current limit sense pin. Normally 
connected to current sense 
resistor. 

Analog Signal Ground. 

High Current Totem pole output. 
This output is the first one 
energized after Power On Reset. 

Return for the High Current 
Totem pole outputs. 

Positive Supply for the High 
Current Totem pole outputs. 

High Current Totem pole output. 

Positive Supply for the IC. 

Buffered output for the 5.1V 
voltage reference. 



7-154 



*Hk Micro Linear 



ML4825 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage (Pins 15, 13) 30V 

Output Current, Source or Sink (Pins 11, 14) 

DC 0.5A 

Pulse (0.5fis) 2.0A 

Analog Inputs 

(Pins1,2,7) -0.3Vto7V 

(Pins9,8) -0.3Vto6V 

Clock Output Current (Pin 4) -5mA 

Error Amplifier Output Current (Pin 3) 5mA 

Soft Start Sink Current (Pin 8) 20mA 

Oscillator Charging Current (Pin 5) -5mA 

Junction Temperature 

ML4825I, ML4825C 125°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 



Thermal Resistance (0j A ) 

Plastic DIP or SOIC 65°C/W 

Plastic Chip Carrier (PCC) 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4825I -40°Cto+85°C 

ML4825C 0°C to +70°C 

Absolute maximum ratings are those values beyond which the 
device could be permanently damaged. Absolute maximum ratings 
are stress ratings only and functional device operation is not 
implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rj - 3.65KO, Or = 1000pF, T A = Operating Temperature Range, Vcc = 15V 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


Tj = 25°C, (note 1) 


360 


400 


440 


KHz 


Voltage Stability 


10V < V cc < 30V, T A =25°C (note 1) 




0.2 


2 


% 


Temperature Stability 


(note 1) 






5 


% 


Total Variation 


line, temp, (note 1) 


340 




460 


KHz 


Clock Out High 




3.9 


4.5 




V 


Clock Out Low 






2.3 


2.9 


V 


Ramp Peak 


(note 1) 


2.6 


2.8 


3.0 


V 


Ramp Valley 


(note 1) 


0.7 


1.0 


1.25 


V 


Ramp Valley to Peak 


(note 1) 


1.6 


1.8 


2.0 


V 


Reference Section 


Output Voltage 


ML4825C 


Tj = 25°C, l = 1mA 


5.00 


5.10 


5.20 


V 


ML4825I 




5.05 


5.10 


5.15 


V 


Line Regulation 


10V < V cc < 30V 




2 


20 


mV 


Load Regulation 


1mA < l o <10mA 




5 


20 


mV 


Temperature Stability 


-55°C < Tj < 150°C, (note 1) 




.2 


.4 


% 


Total Variation 


ML4825C 


line, load, temp (note 1) 


4.95 




5.25 


V 




ML4825I 


line, load, temp T A > 0°C, (note 1) 


5.00 




5.20 


V 




ML4825I 


line, load, temp T A < 0°C, (note 1) 


4.95 




5.25 


V 


Output Noise Voltage 


10Hz to 10KHz 




50 




fN 


Long Term Stability 


Tj = 125°C, 1000 hrs, (note 1) 




5 


25 


mV 


Short Circuit Current 


Vref - 0V 


-15 


-50 


-100 


mA 


Error Amplifier Section 


Input Offset Voltage 


ML4825I,C 


T A > 0°C 






15 


mV 




ML4825I 


T A < 0°C 






20 


mV 


Input Bias Current 






.6 


3 


M 


Input Offset Current 






.1 


1 


M 


Open Loop Gain 


1 < V < 4V 


60 


96 




dB 





tf^. Micro Linear 



7-155 



ML4825 



ELECTRICAL CHARACTERISTICS (Continued) 

Unless otherwise specified, Ry = 3.65KQ, Cj = 1000pF, Ta = Operating Temperature Range, Vcc = 


15V 




PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Error Amplifier Section (Continued) 


CMRR 


ML4825I,C 


1.5V < V CM < 5.5V, T A > 0°C 


75 


95 




dB 




ML4825I 


1.5V < V CM < 5.5V, T A < 0°C 


65 


95 




dB 


PSRR 


ML4825I,C 


10V < V cc < 30V, T A > 0°C 


80 


110 




dB 




ML4825I 


10V < V cc < 30V, T A < 0°C 


75 


110 




dB 


Output Sink Current 


V P ,N 3 - 1V 


1 


2.5 




mA 


Output Source Current 


V P ,N 3 - 4V 


-.5 


-1.3 




mA 


Output High Voltage 


'pin 3 = -0.5mA 


4.0 


4.7 


5.0 


V 


Output Low Voltage 


lpiN3 -1mA 





0.5 


1.0 


V 


Unity Gain Bandwidth 


(note 1) 


3 


5.5 




MHz 


Slew Rate 


(note 1) 


6 


12 




V///s 


PWM Comparator Section 


Pin 7 Bias Current 


ML4825I,C 


V PIN 7 - 0V, T A > 0°C 




-1 


-5 


M 




ML4825I 


V p ,n 7 - 0V, T A < 0°C 






-10 


A/A 


Duty Cycle Range 


ML4825C 









85 


% 




ML4825I 


T A > 0°C 







80 


% 




ML4825I 


T A < 0°C 







70 


% 


Pin 3 Zero DC Threshold 


V P ,N 7 - 0V 


1.1 


1.25 




V 


Delay to Output 


(note 1) 




50 


80 


ns 


Soft-Start Section 


Charge Current 


V PIN 8 - 0.5V 


3 


9 


20 


A/A 


Discharge Current 


V p ,n 8 - 1V 


1 






mA 


Current Limit/Shutdown Section 


Pin 9 Bias Current 


ML4825C 


0V < V PIN 9 < 4V 






+10 


M 




ML4825I 


0V < V PIN 9 < 4V 






+15 


//A 


Current Limit Threshold 




.9 


1 


1.1 


V 


Shutdown Threshold 


T A > 0°C 


1.25 


1.4 


1.55 


V 




T A < 0°C 


1.25 


1.4 


1.60 


V 


Delay to Output 


(note 1) 




40 


70 


ns 


Output Section 


Output Low Level 


Iqut = 20mA 




.25 


.4 


V 




Iqut = 200mA 




1.2 


2.2 


V 


Output High Level 


Iqut - -20mA 


13.0 


13.5 




V 




Iqut ■ -200mA 


12.0 


13.0 




V 


Collector Leakage 


V c - 30V 




100 


500 


A/A 


Rise/Fall Time 


C L - 1000pF, (note 1) 




30 


60 


ns 


Under-Voltage Lockout Section 


Start Threshold 




8.7 


9.2 


9.6 


V 


UVLO Hysteresis 




0.3 


0.8 


1.2 


V 


Supply Current 


Start Up Current 


Ml 48251 C 


v cc = ^ V r T A > 0°C 




1.1 


2.5 


~.A 




ML4825I 


V C c = 8V, T A < 0°C 






3.5 


mA 


'cc 


V p ,n 1. 7. 9 - 0V, V PIN 2 - 1V, T A =25°C 




26 


33 


mA 



Note 1: This parameter not 100% tested in production but guaranteed by design. 
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FUNCTIONAL DESCRIPTION 

OSCILLATOR 

The ML4825 oscillator charges the external capacitor 
(Or) with a current (Iset) equal to 3/Rset- When the 
capacitor voltage reaches the upper threshold (Ramp 
Peak), the comparator changes state and the capacitor 
discharges to the lower threshold (Ramp Valley) through 
Q1. While the capacitor is discharging, Q2 provides a 
high pulse. 

The Oscillator period can be described by the 
following relationship: 

T osc = Tramp + Tdeadtime 
where: Tramp = C (Ramp Valley to Peak)/lsET 
and: Tdeadtime = C (Ramp Valley to Peak)/lq-j 



160 
140 
1 120 
100 
80 





1.0nF 






























470pF 









100K 
FREQ (Hz) 



Figure 3. Oscillator Deadtime vs Frequency 
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Figure 1. Oscillator Block Diagram 



0.47 1.0 2.2 4.7 10.0 22 47 100 
C T (nF) 

Figure 4. Oscillator Deadtime vs C(D (3KQ < R(D < 100KO) 

ERROR AMPLIFIER 

The ML4825 error amplifier is a 5.5MHz bandwidth 
12V7//S slew rate op-amp with provision for limiting the 
positive output voltage swing (Output Inhibit line) for 
ease in implementing the soft start function. 
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Figure 2. Oscillator Timing Resistance vs Frequency 



Figure 5. Unity Gain Slew Rate 
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Figure 6. Open Loop Frequency Response 

OUTPUT DRIVER STAGE 

The ML4825 Output Driver is a 2A peak output high 
speed totem pole circuit designed to quickly switch the 
gates of capacitive loads, such as power MOSFET 
transistors. 
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Figure 7. Simplified Schematic 
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Figure 8. Saturation Curves 
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Figure 11. Supply Current vs Temperature 

SOFT START AND CURRENT LIMIT 

The ML4825 employs two current limits. When the 
voltage at pin 9 exceeds 1V, the outputs are 
immediately shut off and the cycle is terminated for the 
remainder of the oscillator period by resetting the RS 
flip flop. 

If the output current is rising quickly such that the 
voltage on pin 9 reaches 1.4V before the outputs have 
turned ott, a soft start cycle is initiated. The soft start 
capacitor (pin 8) is discharged and outputs are held 
"off" until the voltage at pin 8 reaches 1V, ensuring a 
complete soft start cycle. The duty cycle on start up is 
limited by limiting the output voltage of the error 
amplifier voltage to the voltage at pin 8. 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4825CP 
ML4825CS 
ML4825CQ 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


Molded DIP (P1 6) 
Molded SOIC(S16W) 
Molded PCC (Q20) 


ML4825IP 
ML4825IS 
ML4825IQ 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


Molded DIP (P1 6) 
Molded SOIC(S16W) 
Molded PCC (Q20) 
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Power Factor and Dual PWM Combo 



GENERAL DESCRIPTION 

The ML4826 is a complete high power controller for a 
power factor corrected, switched mode power supply. 
Power factor correction results in smaller, lower cost bulk 
capacitors, reduces power line loading and the stress on 
switching FETs, and results in a power supply that fully 
complies with IEC555-2 specifications. Contained in the 
ML4826 are circuits for the implementation of a leading 
edge, average current mode "boost" type power factor 
correction and a trailing edge, synchronized current or 
voltage mode Pulse Width Modulator (PWM) with dual 
totem pole outputs. 

The ML4826 comes in two versions: the ML4826XP-1 
(fpWM = foe) and the ML4826XP-2 (f PW M = 2fpFc)- 

An over-voltage comparator is configured to shut down 
the PFC section in the event of a sudden decrease in load. 
The PFC section also includes peak current limiting and 
input voltage brown-out protection. 

The PWM section can be operated in current mode or 
voltage mode and includes a precision duty cycle limit to 
prevent transformer saturation. 



When a brown-out occurs, the VINOK comparator shuts 
down both the PFC and the PWM. A soft-start of the PWM 
follows with the return of normal line power. 

FEATURES 

■ Internally synchronized PFC and PWM in one IC 

■ Low total harmonic distortion 

■ Average current sensing, continuous boost, 
leading edge PFC 

■ High efficiency, trailing edge PWM with dual totem 
pole outputs 

■ Current mode or voltage mode operation 

■ Average line voltage compensation with brown-out 
control (Universal Input) 

■ PFC over-voltage comparator eliminates output 
"runaway" due to load removal 

■ Current fed multiplier to improve noise immunity 

■ Simplified compensation scheme 

■ Over-voltage protection, UVLO, and soft-start 
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PIN CONFIGURATION 



ML4826 



ML4826 
20-Pin DIP (P20) 



IEAO £ 




W 


20 


3 


VEAO 


lAcC 


2 




19 


3 


FB 


ISENSE C 


3 




18 


3 


REF 


VrmsC 


4 




17 


3 


Vcc 


ss H 






16 


3 


Vc 


VDC C 


6 




15 


3 


PFC OUT 


RtCtC 


7 




14 


3 


VOI 


RAMP1 \Z 


8 




13 


3 


V02 


RAMP2 C 


9 




12 


3 


PGND 


DCIlim C 


10 






3 


AGND 



ML4826 
20-Pin SOIC (S20) 



IEAO 1 1 


i 


20 


1 1 VEAO 


lAcdZ 


2 


19 


TIfb 


ISENSE l~T 


3 


18 


1 1 REF 


VRMsfT" 


4 


17 


zn vcc 


ssnr 


5 


16 


znvc 


Vdc 1 1 


6 


15 


1 1 PFC OUT 


RtCtDZ 




14 


1 1 VOI 


RAMP1 II 


8 


13 


I I V02 


RAMP2 I I 


9 


12 


I I PGND 


DCIlim IT" 


10 


11 


I I AGND 



PIN DESCRIPTION 








PIN# 


NAME 


FUNCTION 


PIN# 


NAME 


FUNCTION 


1 


IEAO 


PFC transconductance current error 


11 


AGND 


Analog signal ground. 






amplifier output. 


12 


PGND 


Return for the PWM to* ,x>le 


2 


Uc 


PFC multiplier reference input. 






outputs. 


3 


'sense 


Current sense input to the PFC current 


13 


V02 


PWM totem pole driver 2 output. 






limit comparator. 


14 


VOI 


PWM totem pole driver 1 output. 


4 


VrmS 


Input for PFC RMS line voltage 
compensation. 


15 


PFC OUT 


PFC driver output. 


5 


ss 


PWM soft start (capacitor). 


16 


Vc 


Positive supply for the PWM totem 
pole outputs. 


6 


Vdc 


PWM output voltage feedback. 


17 


Vcc 


Positive supply (with shunt regulator). 


7 


R T C T 


Connection for oscillator frequency 
setting components. 


18 


REF 


Buffered output for the 7.5V voltage 
reference. 


8 


RAMP1 


PFC ramp input. Can be used for 
voltage feed forward. 


19 


FB 


PFC transconductance voltage error 
amplifier input. 


9 


RAMP2 


PWM ramp input. Current mode; 


20 


VEAO 


PFC transconductance voltage error 



10 DCI UM 



input for PFC output (feed forward 
ramp). 

PWM current limit. 



amplifier output. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current (Ice) 55mA 

Peak Output Current, Source or Sink 

(pins 13, 14 & 15) 0.5A 

Output Energy (capacitive load per cycle) 1 .5mJ 

Multiplier l/\c Input (pin 2) 10mA 

Analog Inputs (pins 4, 6, 9 & 1 5) -0.3V to V cc - 2V 

Pin 3 input voltage -3V to +5V 



Junction Temperature 1 50°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (6ja) 

Plastic DIP 80°C/W 

Plastic SOIC 100°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4826C 0°C to 70°C 

ML4826I -40°C to +85°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Rrampi = Rt = 52.3kQ, Crampi = Cj = 1 80pF, Ta = Operating Temperature Range, 
l cc = 25mA 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Amplifiers (pins 1 , 3, 1 5, 1 6) 


Transconductance, gmv 


VNON-INV = V| NV (N0te1) 


30 


70 


140 


V15 


Transconductance, grri| 


VNON-iNV = V| N v(Note1) 


130 


195 


335 


\H5 


Input Offset Voltagey 






±3.0 


±15.0 


mV 


Input Offset Voltagei 






±3.0 


±15.0 


mV 


Input Bias Current 






-0.5 


-1.0 


uA 


Open Loop Gain 




60 


75 




dB 


PSRR 


V C CZ - 3V < V C c <V C CZ- 0.5V 


60 


75 




dB 


Input Voltage Range 


Pin 19 (Note 3) 







7 


V 




Pin 3 (Note 3) 


-1.5 




2 


V 


Output Low 






0.65 


1 


V 


Output High 




6.0 


6.7 




V 


Source Current 


AV, N = ±0.5V, Vqut = 6V 


-40 


-90 




MA 


Sink Current 


AV| N = ±0.5V, Vqut = 1 -5V 


40 


90 




uA 


Comparators (pins 1, 3, 5, 6, 15) 


OVP Threshold 




2.6 


2.7 


2.8 


V 


OVP Hysteresis 




70 


95 


125 


mV 


ILIM Threshold 




-0.80 


-1.0 


-1.15 


V 


ILIM Delay to Output 


(Note 3) 




150 


300 


ns 


DCIlim Threshold 




0.90 


1.0 


1.10 


V 


DCIlim Delay to Output 


(Note 3) 




150 


300 


ns 


VINOK Threshold 




2.4 


2.5 


2.6 


V 


VINOK Hysteresis 




0.7 


1.0 


1.2 


V 


Input Bias Current 






±0.45 


±1 


uA 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



Multiplier 



Oscillator 



Reference 



PFC 



CONDITIONS 



MIN 



TYP 



ML4826 



MAX 



UNITS 



Gain (Note 2) 


l P ,N2 = 1004iA,Vp| N4 = 0V, 
V P |N15 = 0V 


0.36 


0.51 


0.66 






l P , N 2 = 50uA,Vp, N4 = 1.2V, 
V P |N15 = 0V 


1.20 


1.72 


2.24 






l P , N 2 = 50uA,Vp, N 4 = 1.8V, 
V P |N15 = 0V 


0.55 


0.78 


1.01 






l P , N 2 = 100uA,Vp, N4 = 3.3V, 

V P |N15 = 0V 


0.14 


0.20 


0.26 




Bandwidth 


l AC = 250uA 




10 




MHz 


Multiplier Output Voltage 


V P iNl5 = OV / Vp IN5 = 1.15 V 
l PIN2 = 250uA 


0.72 


0.8 


0.88 


V 



Initial Accuracy 


T A = 25°C 


180 


190 


200 


kHz 


Voltage Stability 


Vccz-3V<V C c<Vccz-0.5V 




1 




% 


Temperature Stability 






2 




% 


Total Variation 


Line, temp. 


175 




205 


kHz 


Ramp Valley to Peak Voltage 






2.5 




V 


Dead Time 


PFC only, ML4826-1 
ML4826-2 


100 
200 


310 
440 


450 
550 


ns 
ns 


Or Discharge Current 


V P ,N8 = 0V, V PIN7 = 2.5V 


4.5 


7.5 


'3.5 


mA 



Output Voltage 


T A = 25°C, l =1mA 


7.4 


7.5 


7.6 


V 


Line Regulation 


Vccz - 3V < V CC < V CC z - 0.5V 




2 


10 


mV 


Load Regulation 


1 mA < l < 20mA 




2 


15 


mV 


Temperature Stability 






0.4 




% 


Total Variation 


Line, load, temp. 


7.25 




7.65 


V 


Long Term Stability 


Tj = 125°C, 1000hrs(Note3) 




5 


25 


mV 


Short Circuit Current 


V C C < Vccz - 0.5V, V REF = 0V 


-15 


-40 


-100 


mA 



PWM 












Duty Cycle Range 


ML4826-1 


0-47 


0-48 


0-50 


% 




ML4826-2 


0-47 


0-48 


0-50 


% 



Minimum Duty Cycle 


ML4826-1,V| EAO >3.8V 









% 




ML4826-2, V| EAO > 5.7V 









% 


Maximum Duty Cycle 


V IEAO <1.2V 


90 


95 




% 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Outputs 


Output Voltage Low 


Iout = -20mA 




0.3 


0.8 


V 




Iout = -50mA 




0.6 


3.0 


V 


Output Voltage High 


Iout = 20mA 


9.5 


10 




V 




Iout = 50mA 


9 


10 




V 


Output Voltage Low in UVLO 


Iout = 1 0mA, V C c = 8V 




0.8 


1.5 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




ns 


Under-Voltage Lockout and Bias Circuits 


Shunt Voltage (V C cz) 


Ice = 25mA 


12.8 


13.5 


14.2 


V 


Vccz L° ac l Regulation 


25mA < Ice < 55mA 




±150 


±300 


mV 


Vccz Total Variation 


Load, temp. 


12.4 




14.6 


V 


Start-up Current 


V CC < 12.3V 




0.7 


1.1 


mA 


Operating Current 


Vcc = Vccz -0.5V 




22 


28 


mA 


Undervoltage Lockout Threshold 




12 


12.9 


14 


V 


Undervoltage Lockout Hysteresis 




2.7 


3.05 


3.4 


V 



Note 1 : gmV is the feedback amplifier transconductance and gml is the sense amplifier transconductance. 
Note 2: Gain = Kx 5.3 V; K = (l MU LO - 'offset) x 'ac x (V E ao - 1 -5H 
Note 3: This parameter not 1 00% tested but guaranteed by design. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4826CP-1 


0°C to +70°C 


Molded DIP (P20) 


ML4826CS-1 


0°C to +70°C 


Molded SOIC (S20) 


ML4826CP-2 


0°C to +70°C 


Molded DIP (P20) 


ML4826CS-2 


0°C to +70°C 


Molded SOIC (S1 6) 


ML4826IP-1 


-40°C to +85°C 


Molded DIP (P20) 


ML4826IS-1 


-40°C to +85°C 


Molded SOIC (S20) 


ML4826IP-2 


-40°C to +85°C 


Molded DIP (P20) 


ML4826IS-2 


-40°C to +85°C 


Molded SOIC (S1 6) 
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ML4828 



BiCMOS Phase Modulation/Soft Switching Controller 



GENERAL DESCRIPTION 

The ML4828 is a complete BiCMOS phase modulation 
control IC suitable for full bridge soft switching converters. 
Unlike conventional PWM circuits, the phase modulation 
technique allows for zero voltage switching (ZVS) 
transitions and square wave drive across the transformer. 
The IC modulates the phases of the two sides of the bridge 
to control output power. 

The ML4828 can be operated in either voltage or current 
mode. The delay times for the side A and B outputs are 
individually programmable to allow zero voltage 
switching transitions to take place. 

Both cycle-by-cycle current limit, integrating fault 
detection, and soft start reset are provided. The under- 
voltage lockout circuit features a 1 .5V hysteresis with a 
low starting current to allow off-line start up with a bleed 
resistor. A shutdown function powers down the IC, putting 
it into a low quiescent state. 



The circuit can be operated at frequencies up to 1 MHz. 
The ML4828 contains four high current CMOS outputs 
which feature high slew rate with low cross conduction. 

FEATURES 

■ 5V BiCMOS for low power and high frequency 
(1MHz) operation 

■ Full bridge phase modulation Zero Voltage Switching 

circuit with independent programmable delay times 

■ Current mode operation capability 

■ Cycle-by-cycle current limiting with integrating fault 
detection and restart delay 

■ Can be externally synchronized 

■ Four 3Q CMOS output drivers 

■ Under-voltage lockout circuit with 1 .5V hysteresis 
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PIN CONNECTION 



ML4828 
20-Pin DIP (P20) 



RaC 




W 


20 


3 'lim 


RbC 


2 




19 


J SDN 


hC 


3 




18 


DAI 


CtC 


4 






3 GND 


refQ 






16 


UA2 


SYNCQ 


6 




15 


DB1 


ssC 


7 




14 


H v cc 


EAO[] 


8 




13 


"J B2 


EA-C 


9 




12 


^ RST 


EA+H 


10 






[] RAMP 



ML4828 
20-Pin SOIC (S20) 



Ra 
Rb 

R T [ZE]3 

c T nz4 

REFfT" 5 
SYNC |~T~ 6 

ss [~T~ 7 

EAO fT" 8 
EA-n~ 9 
EA+ f~T~ 1C 



20 I I ILIM 

19 I I SDN 

18 I I A1 

17 I I GND 

16 I I A2 

15 I I B1 

14 ZED v cc 

13 I I B2 

12 I I RST 

11 I I RAMP 



PIN DESCRIPTION 



PIN# NAME 



DESCRIPTION 



1 Ra 

2 R B 

3 R T 



4 


C T 


5 


REF 


6 


SYNC 


7 


SS 


8 


EAO 


9 


EA- 


10 


EA+ 



A1 and A2 delay programming 
resistor. 

B1 and B2 delay programming 
resistor . 

Oscillator charge current 
programming resistor. 

Oscillator timing capacitor. 

2.5V reference voltage. 

Synchronization input to oscillator. 

Soft start capacitor connection. 

Error amplifier output. 

Error amplifier inverting input. 

Error amplifier non-inverting input. 



PIN# 


NAME 


DESCRIPTION 


11 


RAMP 


RC network for phase modulator 
ramp input. 


12 


RST 


RC network for reset and integrating 
fault detect. 


13 


B2 


B2 driver output. 


14 


Vcc 


Power supply (<6.5V) 


15 


B1 


B1 driver output. 


16 


A2 


A2 driver output. 


17 


GND 


Ground. 


18 


A1 


A1 driver output. 


19 


SDN 


Active low device shutdown. 


20 


•lim 


Current limit. 
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ABSOLUTE MAXIMUM RATINGS 

Ice Current 25mA 

Output Current, Source or Sink (Pins 1 3,1 5,1 6,1 8) 

Pulse (0.5 lis) 1 .0A 

Analog Inputs 

(Pins 8 thru 1 2, and 20) -0.3V to V cc + 0.3V 

Rj Current Source (Pin 3) -1 mA 

Error Amplifier Output Current (Pin 8) ±2mA 

Soft Start Discharge Current (Pin 7) 5mA 

Oscillator Charging Current (Pin 4) -1 mA 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 



Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (0ja) 

Plastic DIP 40°C/W 

Plastic SOIC 100°C/W 

OPERATING CONDITIONS 

Commercial Temperature 0°C to +70°C 

Industrial Temperature -40°C to +85°C 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R A = R B = 33.3k£2, Rj = 1 6kQ, Cj = 270pF, Vcc = 5V, T A = Operation Temperature Range 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


T A =25°C 


340 


360 


380 


kHz 


Voltage Stability 


4.5V < V cc < 5.5V 




4 


5.3 


%N 


Temperature Stability 


(Notel) 




2 




% 


Total Variation 


Line, temp. 


325 




400 


kHz 


Cj Discharge Current 


V P ,N4 = 2V 


1.3 


1.5 




mA 


Ramp Peak 






2.6 




V 


Ramp Valley 






1.12 




V 


Reference 


Initial Accuracy 


T A =25°C, l o =250uA 


2.48 


2.5 


2.52 


V 


Line Regulation 


4.5V < V CC < 6-5V 




±0.2 


±1 


%/V 


Load Regulation 


100uAto1mA 




±0.5 


±6 


mV 


Temperature Stability 






0.45 




% 


Total Variation 


Line, Load, & Temp 


2.44 




2.54 


V 


Long Term Stability 


Tj=125°C, 1000 hrs, (Notel ) 




5 


25 


mV 


Short Circuit Current 


Vref = 0V 


-10 


-23 


-35 


mA 


Error Amplifier 


Input Offset Voltage 




-20 




20 


mV 


Open Loop Gain 


1V<V <3V 


60 


80 




dB 


PSRR 


4.5V < V C c < 6.5V 


60 


80 




dB 


Output Sink Current 


V o = 0.5V 


1.2 


1.9 




mA 


Output Source Current 


V =3V 


-0.9 


-1.1 




mA 


Output High Voltage 


'SOURCE = -500uA 


2.8 


2.85 




V 


Output Low Voltage 


l S | N K=500uA 




0.1 


0.2 


V 


Unity Gain Bandwidth 


(Notel) 


7 


10 




MHz 


Slew Rate 


(Notel) 


0.5 


1 




V/lis 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


Phase Modulator 


Pin 8 Zero Duty Cycle Threshold 


V P |N3 = OV 





0.5 


0.9 


V 


Pin 1 1 Delay to Output 


(Notel) 




50 


80 


ns 


Pin 1 1 Discharge Current 




48 




85 


mA 


Soft-Start 


Pin 7 Charge Current 


Vpin 7 = 4V 




-25 


-50 


HA 


Pin 7 Discharge Current 


V P ,N7 = 1V 


6 


10 


11.2 


mA 


Current Limit/Shutdown 


Current Limit Threshold 




0.9 


1.0 


1.1 


V 


Pin 20 Delay to Output 


(Note!) 




50 




ns 


Pin 1 2 Shutdown Threshold 




1.0 


1.1 


1.5 


V 


Pin 12 Restart Threshold 




2.2 


2.4 


2.6 


V 


\Pin 12 Charging Current 




-400 


-460 


-550 


uA 


SDN Shutdown Threshold 






2.0 




V 


Output 


Output Low Level 


Iout = 20 mA 
Iout = 1 00 mA 




0.01 
0.1 


0.1 
0.3 


V 
V 


Output High Level 


Iout = -20 mA 
Iout = -100 mA 


4.9 
4.6 


4.95 
4.7 




V 
V 


Rise/Fall Time 


C L =1000pF / (Note1) 




5 


7 


ns 


ZVS Programmable Delay 




240 


280 


300 


ns 


Delay Mismatch 











ns 


R//Rb Reference Voltage 






2.5 




V 


Under- Voltage Lockout 


Start Threshold 




5.1 


5.85 


6.6 


V 


Stop Threshold 




4.1 


4.2 


4.3 


V 


Supply 


Shunt Voltage (V C cz) 


Ice < m A 




7.4 




V 


Start Up Current 


V CC <6V 






1 


mA 


Shutdown Current 






100 


170 


uA 


'cc 


V C c = 5V,C L =1uf,T A =25 C 




5 




mA 



Note 1 : This parameter not 1 00% tested in production but guaranteed by design. 

Note 2: Vcc must be brought above the UVLO start voltage (6V) before dropping to Vcc = 5V to ensure start-up. 
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FUNCTIONAL DESCRIPTION 

PHASE MODULATOR 

The ML4828 controls the power of a full bridge power 
section by modulating the phases of the switches of the A 
and B sides (Figure 1). The power cycle starts with A2 and 
B1 high, as shown in the timing diagram (Figure 2). 

1 . With A2 and B1 high, Q1 and Q2 are ON. Current 
flows through the primary of the transformer, and 
power is delivered to the output through the secondary 
winding (not shown). 

2. After either the OMOD or Ilim comparator trips, B1 
goes low, turning off Q2. Energy in the primary winding 
charges the parasitic capacitances of Q2 and Q3 to 
+VIN during tpB- 

3. B2 goes high after time tpB/ which is set by the resistor 
connected from RB (pin 2) to GND. tpB should be set 
large enough such that the source of Q3 has been 



charged to +VIN. At this time, Q3 turns on at zero 
voltage. The transformer is now effectively shorted 
through Q1 and Q3, with the primary magnetizing 
current circulating in the loop formed by the 
transformer primary, Q1, and Q3. 

4. CLOCK then goes high and A2 goes low, while A1 
remains low for time to A , which is set by the resistor 
connected from RA (pin 1) to GND. During this time, 
both Q1 and Q4 are OFF. The primary magnetizing 
current discharges the parasitic capacitances of Q1 and 
Q4toGND. 

5. A1 goes high after time tpA- At this point, the drain of 
Q4 is discharged to GND, and Q4 turns on at zero 
voltage. With both Q3 and Q4 ON, a new power cycle 
starts, and power is delivered to the output. 

The above sequence is then repeated with the roles of 
side A and B interchanged. 

The ML4828 can also be used in current mode by sensing 
the load current on the RAMP input (pin 11). 




-A\V 



Figure 1 . Simplified diagram of Phase Modulated power Outputs. 
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Figure 2. Phase Modulation control waveforms (Shaded areas indicate a power cycle). 
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SETTING THE OSCILLATOR FREQUENCY 

The ML4828 switching frequency is determined by the 
charge and discharge times of the network connected to 
the Rj and Or pins. Figure 3 shows the relationships 
between the internal clock and the charge and discharge 
times. 



RAMP VALLEY 

1.25 V- 




Figure 3. Internal Oscillator Timing. 

The frequency of the oscillator is: 



'osc- 



charge + Discharge 



(1) 



The ramp peak is 2.5V and the ramp valley is 1 .25V, 
giving a ramp range of 1 .25V. The charging current is set 
externally through the resistor Rj: 



'charge ~ "^ — 

while the discharging current is fixed at 1 .4 mA. The 
charge and discharge times can be determined by: 



l CHARGE " 



Discharge - 



_ C T x1.25V _ C T xR T 



'CHARGE 



C T x1.25V _ C T x 1.25V 



'DISCHARGE 



1.4mA 



(2) 



(3) 



(4) 



The oscillator frequency can then be found by substituting 
the results of equations 3 and 4 into equation 1 . This 
frequency activates a T flip-flop which generates the 
output pulses. The T flip-flop acts as a frequency divider 
(-5-2), so the output frequency will be: 



f - f OSC 
T OUT ~ ^T~ 



(5) 



ERROR AMPLIFIER 

The ML4828 error amplifier has a 10MHz bandwidth and 
a 1 V/lis slew rate. Figure 4 gives the Bode plot of the error 
amplifier. 




10K 100K 

FREQUENCY 



Figure 4. Error Amplifier Open-Loop Gain 
and Phase vs. Frequency. 

OUTPUT DRIVERS 

The ML4828 has four high-current CMOS output drivers, 
each capable of 1 A peak output current. These outputs 
have been designed to quickly switch the gates of power 
MOSFET transistors via a gate drive transformer. For higher 
power applications, the outputs can be connected to 
external MOSFET drivers. 

The output phase delay times are set by charging an 
internal 6.7pF capacitor up to the REF voltage (2.5V) via a 
current that is externally programmed through R A and Rb, 
for the side A and side B drivers, respectively. The 
charging current and delay time for side A are given by: 



L 



2.5V 



t DA =6.7pFxR A 



(6) 



(7) 



The same equations can be applied to Rb. For example, 
with R A = 33kQ: 



t DA = 6.7pF x 33kQ = 220ns 



(8) 
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Figure 5. Over-Current, Soft-Start, and Integrating Fault Detect Circuits. 



SOFT START TIME CONSTANT 

During start up, the output voltage is much lower than the 
steady state value. Without soft start circuitry, the error 
amplifier output (EAO) would swing all the way to the 
upper limit and the phase modulator would issue pulses 
with full duty cycle, possibly causing output overshoot. To 
ensure smooth start up, EAO (pin 8) is pulled low and 
then gradually released through the charging of an 
external soft start capacitor connected to SS (pin 7). The 
soft start charging current is internally set at 25(xA. Hence, 
EAO will rise with a time constant of: 



dv _ 25iiA 
dt ~ C ss 



(9) 



For example, with Css : 
will be: 



25liF, the soft start rate of change 



(10) 



dv == 25LiA =1 V 
dt 25liF s 

FAULT TIME CONSTANT AND RESTART DELAY 

Figure 5 shows the internal circuitry and external 
components involved in fault detection. During normal 
operation, RST (pin 12) is discharged to ground through 
the external resistor Rr$t- The I|_im comparator has a 
threshold of 1 V. Rsense ,s selected so that the voltage 
across it will be equal to the Ilim threshold at the 
maximum desired Iswitch current. When the voltage 
across Rsense exceeds 1 V, the Ilim comparator trips, 
terminating the present power cycle, and at the same time 
activating the fault logic to turn on the 500liA current 



source Irst- This current charges the reset capacitor Crst- 
For proper design, Rrst should be very large (in the order 
of 1 0Okft). This will cause nearly all of the Irst current 
(approximately 500llA) to go into charging Crst at a rate °f : 



dv = 500liA 
dt C RST 



(11) 



in volts per second. Irst will be turned off at the beginning 
of the next clock cycle. If the current limit condition is 
removed, RST will be gradually discharged to ground, 
and normal operation resumes as shown in Figure 6. 




Figure 6. Ilim and Resulting RCrst 
Waveforms During Load Surge. 
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If the current limit condition persists, then Ir$t will De 
reactivated, thus charging Crst to a higher level as shown 
in Figure 7. Eventually, the voltage at RST will exceed 
2.5V, and the soft start comparator will trip, shutting down 
all power drivers and inhibiting any further delivery of 
power. At the same time, the soft start capacitor C$s is 
discharged to prepare for the next start up cycle. 



V(PIN 20) 




V(PIN12) 



Figure 7. Ilim and Resulting RCrst 
Waveforms During Short Circuit. 

During the Ilim shutdown, Irst is turned off, and Crst is 
discharged through Rrst with a time constant of: 



RST ■ 



(12) 

When the condition causing the current limit is removed, 
Rrst will discharge Crst with a time constant of tRST- 
When the voltage at RST (pin 12) drops to 1 .25V, the soft 
start comparator and the converter will undergo a start up 
cycle. The restart delay (to(RST)) is given by: 



For example, with Crst = 25jiF and Rrst = 240kQ: 

dv = 500uA =20 V 
dt 25uf s 



(14) 



and: 



t D(RST) = (240kQ x 25|xF) x 1 .39 = 8.3s (1 5) 

Since the threshold for shutdown is 2.5V, the controller 
will shut down after approximately 125ms. After the 
converter recovers from the current limit condition, the 
controller will reactivate after 8.3s. 

UNDERVOLTAGE LOCKOUT 

During start-up, the ML4828 draws very little current 
(typically 150fxA) and Vref is disabled. When Vcc rises 
above 6.0V, the internal circuitry and Vref are enabled, 
and will stay enabled until Vcc falls below the 4.5V UV 
lockout threshold. 

SHUTDOWN FUNCTION 

The ML4828 can be externally shut down by bringing 
SDN (pin 1 9) low. The shutdown threshold (Vsd) is 
given by: 

V SD =0.33xV cc (16) 

For example, if Vcc = 5V / tnen V SD = 1 - 67V - As long as 
2.4V < V C c < 6.0V, the SDN pin will be TTL compatible. 



tD(RST)= tRST x 1.39 



(13) 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4828CP 
ML4828CS 


0°C to +70°C 
0°C to +70°C 


20-Pin DIP (P20) 
20-Pin DIP (S20) 


ML4828IP 
ML4828IS 


-40°C to +85°C 
-40°C to +85°C 


20- Pin DIP (P20) 
20- Pin SOIC (S20) 
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Electronic Ballast Controller 



GENERAL DESCRIPTION 

The ML4830 is a complete solution for a dimmable, high 
power factor, high efficiency electronic ballast. Contained 
in the ML4830 are controllers for "boost" type power 
factor correction as well as for a dimming ballast. 

The Power factor circuit uses the average current sensing 
method with a current fed multiplier and over-voltage 
protection. This system produces power factors of better 
than 0.99 with low input current THD at > 95% 
efficiency. Special care has been taken in the design of the 
ML4830 to increase system noise immunity by using a 
high amplitude oscillator, and a current fed multiplier. An 
over-voltage protection comparator stops the PFC section 
in the event of sudden load decrease. 

The ballast section provides for programmable starting 
scenarios with programmable preheat and lamp out-of- 
socket interrupt times. The IC controls lamp output 
through either frequency or Pulse Width control using 
lamp current feedback. 

The ML4830 is designed using Micro Linear's Semi- 
Standard tile array methodology. Customized versions of 
this IC, optimized to specific ballast architectures can be 
made available. Contact Micro Linear or an authorized 
representative for more information. 



FEATURES 

■ Complete Power Factor Correction and Dimming 
Ballast Control on one IC 

■ Low Distortion, High Efficiency Continuous Boost, 
Average Current sensing PFC section 

■ Programmable Start Scenario for Rapid or Instant Start 
Lamps 

■ Selectable Variable Frequency dimming and starting 

■ Programmable Restart for lamp out condition to 
reduce ballast heating 

■ Over-Temperature Shutdown replaces external heat 
sensor for safety 

■ PFC Over- Voltage comparator eliminates output 
"runaway" due to load removal 

■ Large oscillator amplitude and current fed multiplier 
improves noise immunity 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4830 
20-PIN DIP (P20) 



ML4830 
20-PIN SOIC (S20) 



IA- Q 1 

IAOUT Q 

l(SINE) [Z 3 

IA+/KLIM) Q 4 

LAMPF.B. Q 5 

LFB OUT Q 6 

R(SET) [Z 7 

MODE {Z 8 

R(T)/C(T) \Z 9 

INTERRUPT Q 10 



20 Zl EAOUT 

19 Z2 EA " 

18 H| VREF 

17 ^ vcc 

16 ^ PFCOUT 

; Z2 OUT A 

14 ][] OUTB 

13 Z2 GND 

12 ^ R(X)/C(X) 

I ^] OVP/INHIBIT 



iA-nn i 

IAOUT m~ 2 

i (sine) rrr 3 
IA+/KUM) rrr 4 
lampf.b. rrr s 

LFB OUT [~TP 6 
R(SET) OH 7 

mode rrr s 

R(T)/C(T) JTT 9 
INTERRUPT m~ 10 



:o ~rn eaout 
9 nn ea- 
a nn v ref 
7 nn vcc 

6 ~TT~l PFCOUT 

5 ~TJ I OUT A 

4 TPI OUTB 

3 ~TT~I GND 

2 ~~m R(X)/C(X) 
1 Tl 1 OVP/INHIBIT 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



1 I A- Inverting input of the PFC average 

current error amplifier 

2 IA OUT Output and compensation node of the 

PFC average current error amplifier 

3 l(SINE) PFC Current Multiplier input 

4 IA+/KUM) Non-Inverting input of the PFC 

average current error amplifier and 
input of peak current limit comparator 

5 LAMP F.B. Inverting input of an Error Amplifier 

used to sense (and regulate) lamp arc 
current. Also the input node for 
dimming control 

6 LFB OUT Output from the Lamp Current Error 

Amplifier used for lamp current loop 
compensation 

7 R(SET) External resistor which sets oscillator 

FMAX, and R(X)/C(X) charging current 

8 MODE Controls how the Lamp Current Error 

Amp and preheat timers modulate the 
ballast outputs. Two Variable 
Frequency and 1 PWM mode are 
available through this pin 

9 RfTVCfn O^rillatnr timiino rnmnr>nontc 

1 INTERRUPT A voltage of greater than V REF resets 
the chip and causes a restart after a 
delay of 3 times the start interval. Used 
for lamp-out detection and restart 



PIN# NAME 



FUNCTION 



1 1 OVP/ When the voltage of this pin exceeds 
INHIBIT 5V, the PFC output is inhibited. When 

the voltage exceeds 6.7V, the IC 
function is inhibited and the IC is 
reset. This pin can be used for a 
remote ballast shutdown. 

1 2 R(X)/C(X) Sets the timing for the preheat, 

dimming lockout and interrupt 

13 GND IC Ground 

1 4 OUT B Ballast MOSFET drive output 

15 OUT A Ballast MOSFET drive output 

1 6 PFC OUT Power Factor MOSFET drive output 

1 7 VCC Positive Supply for the IC 

1 8 Vref Buffered output for the 7.5V voltage 

reference 

19 EA- Inverting input to PFC error amplifier 

20 EA OUT PFC Error Amplifier output and 

compensation node 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current (Ice) 75mA 

Output Current, Source or Sink (Pins 1 4) 

DC 250mA 

Output Energy (capacitive load per cycle) 1 .5 mj 

Multiplier l(SINE) Input (Pin 3) 10 mA 

Amplifier Source Current (Pin 6, 20) 50 mA 

Analog Inputs (Pins 1 , 5, 1 0, 1 1 , 1 9) .... -0.3V to VCC -2V 
Pin 4 input voltage -3V to +5V 



Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 Sec.) +260°C 

Thermal Resistance (6ja) 

Plastic DIP-P 65°CA/V 

Plastic SOIC 80°C/W 

OPERATING CONDITIONS 

Temperature Range 
ML4830C 0°C to 85°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R(SET) = 26K, R(T) = 52. 3K, C(T) = 470pF, Tj = Junction Operating Temperature Range, 
Ice = 25mA 



PARAMETER 



Amplifiers (Pins 1, 2, 5, 6, 19, 20) 



Multiplier 



CONDITIONS 



M1N 



TYP 



MAX 



UNITS 



Input Offset Voltage 






±3.0 


±10.0 


mV 


Input Bias Current 






-0.3 


-1.0 


uA 


Open Loop Gain 




65 


90 




dB 


PSRR 


Vccz - 3V < V CC < V C cz - 0.5V 


70 


100 




dB 


Output Low 









0.5 


V 


Output High 




7.2 


7.5 




V 


Source Current 


V OU T = 7V 


-4 


-7 




mA 


Sink Current 


V OU T=1.5V 


5 


10 




mA 




V O ut = 0.2V 


10 






uA 


Slew Rate 






1.5 




V/ns 


Unity Gain Bandwidth 






3.0 




MHz 



Output Voltage (Note 1 ) 


l S iNE = 100uA,Vp| N2 o = 3V 




80 




mV 




l S iNE = 300nA,Vp, N2 o = 3V 




255 




mV 




l S |NE=100uA / Vp| N2 o = 6V 




220 




mV 




'sine = 300^iA, Vp, N2 o = 6V 




660 




mV 


Output Voltage Limit 


lsiNE = 600^A,V PIN19 = 0V 




0.88 




V 


Offset Voltage 


ISINE = 0, Vp| N19 = 0V 






15 


mV 




l S iNE=150uA,Vp IN19 = 8V 






15 


mV 


l(SINE) Input Voltage 


I S ine = 200nA 


0.8 


1.4 


1.8 


V 



Note 1 : Measured at Pin 1 with Pins 1 and 2 shorted together and Pin 4 at GND. 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Oscillator 



Initial accuracy 


T A = 25°C, PWM or 
Dimming Lockout 


72 


80 


88 


KHz 


Voltage stability 


V C cz - 3V < V CC <V C cz - 0.5V 




1 




% 


Temperature stability 






2 




% 


Total Variation 


Line, temperature 


68 




92 


KHz 


Ramp Valley to Peak 






2.5 




V 


C(T) Charging Current (FM Modes) 


V P iN8 = 0V / Vp, N9 = 2.5V / 
VpiNl2 = 0.9V, Preheat 




-94 




MA 




Vp,N8 = 0V,V P , N9 = 2.5V, 
Max. dimming 




-188 




ma 


C(T) Discharge Current 


V P in8 = 0V, V PIN9 = 2.5V 




5 




mA 


Output Drive Deadtime 






0.2 




us 


R(SET) Voltage 






2.5 




V 



Reference Section 



Output Voltage 


T A = 25°C, l = 1 mA 


7.4 


7.5 


7.6 


V 


Line regulation 


Vccz-3V<V C c,Vccz-0.5V 




2 


10 


mV 


Load regulation 


1 mA < l < 20mA 




2 


15 


mV 


Temperature stability 






0.4 




% 


Total Variation 


Line, load, temp 


7.35 




7.65 


V 


Output Noise Voltage 


10Hzto10KHz 




50 




uV 


Long Term Stability 


Tj = 125°C, 1000 hrs 




5 




mV 


Short Circuit Current 


Vcc<V CC Z-0.5V,V REF = 0V 




-40 




mA 



Preheat and Interrupt Timer (Pin 10) (R(X) = 590Kft, C(X) = 5.6uf) 



Initial Preheat Period 






0.8 




s 


Subsequent Preheat Period 






0.7 




s 


Start Period 






2.1 




s 


Interrupt Period 






6.3 




s 


Pin 12 Charging Current 






-23 




uA 


Pin 1 2 Open Circuit Voltage 


V cc = 12.3V in UVLO 


0.4 


0.9 


1.1 


V 


Pin 12 Maximum Voltage 




7.0 


7.3 


7.7 


V 


Input Bias Current 


V P |N12 = 1.2V 




-0.1 




uA 


Preheat Lower Threshold 






1.18 




V 


Preheat Upper Threshold 






3.36 




V 


Interrupt Recovery Threshold 






1.18 




V 


Start Period End Threshold 






6.6 




V 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


OVP/lnhibit Comparator (Pin 11) 


OVP Threshold 




4.87 


5.0 


5.13 


V 


Hysteresis 






0.5 




V 


Input Bias Current 






-0.3 


-2 


uA 


Propagation Delay 






500 




ns 


Shutdown Threshold 




6.36 


6.7 


7.04 


V 


Shutdown Hysteresis 




0.7 


1.2 


1.7 


V 


PWM Comparator (PWM Mode) 


Start Period Duty Cycle 




40 


50 


60 


% 


Outputs 


Output Voltage Low 


Iqut = 20mA 




0.4 


0.8 


V 




Iqut = 200mA 




2.1 


3.0 


V 


Output Voltage High 


Iqut = -20mA 


Vcc-2.5 


Vcc-1.9 




V 




Iqut = -200mA 


Vcc-3.0 


Vcc-2.2 




V 


Output Voltage Low in UVLO 


Iqut = 1 0mA, V C c = 8V 




0.8 


1.5 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




ns 


Under-Voltage Lockout and Bias Circuits 


IC Shunt Voltage (V ccz ) 


l C c = 25mA 


12.8 


13.5 


14.2 


V 


Vccz Load Regulation 


25mA < Ice < 68mA 




150 


300 


mV 


Vccz Total Variation 


Load, Temp 


12.4 




14.6 


V 


Start-up Current 


V cc ^ 12.3V 




1.3 


1.7 


mA 


Operating Current 


Vcc = Vccz -0.5V 




15 


19 


mA 


Start-up Threshold 






Vccz -0.5 




V 


Shutdown Threshold 






Vccz -3.5 




V 


Shutdown Temperature (Tj) 






120 




°c 


Hysteresis (Tj) 






30 




°c 





FUNCTIONAL DESCRIPTION 

OVERVIEW 

The ML4830 consists of an Average Current controlled 
continuous boost Power Factor front end section with a 
flexible ballast control section. Start-up and lamp-out retry 
timing are controlled by the selection of external timing 
components, allowing for control of a wide variety of 
different lamp types. The ballast control section can be set 
up to adjust lamp power using either Pulse Width (PWM) 
or frequency modulation (FM). Either non-overlapping or 
overlapping conduction can be selected for the FM mode. 
This allows for the IC to be used with a variety of different 
ouput networks. 



POWER FACTOR SECTION 

The ML4830 Power Factor section is an average current 
sensing boost mode PFC control circuit which is 
architecturally similar to that found in the ML4821 . For 
detailed information on this control architecture, please 
refer to Application Note 1 6 and the ML4821 data sheet. 

MULTIPLIER 

The ML4830 multiplier is a linear current input multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator. 
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The output of the multiplier appears as a voltage across 
the 14K resistor (Figure 1) on the positive terminal of IA 
to form the reference for the current error amplifier. 
When the loop is in regulation, the negative voltage on 
IA+/KLIM) (Pin 4) keeps the positive terminal of IA at OV. 

V MUL «0.034xl(SINE)x(VEA-1.1)x(14KQ) (1) 

where: l(SINE) is the current in the dropping resistor, 
V(EA) is the output of the error amplifier (Pin 20). 

The output of the multiplier is limited to 0.88V. 

AVERAGE CURRENT AND OUTPUT VOLTAGE 
REGULATION 

The PWM regulator in the PFC Control section will act to 
offset the positive voltage caused by the multiplier output 
by producing an offsetting negative voltage on the current 
sense resistor at Pin 4. A cycle-by-cycle current limit is 
included to protect the MOSFET from high speed current 
transients. When the voltage at Pin 4 goes negative by 
more than 1 V, the PFC cycle is terminated. 

For more information on compensating the average 
current and boost voltage error amplifier loops, see 
Application Note 16 . 



OVERVOLTAGE PROTECTION AND INHIBIT 

The OVP/INHIBIT pin serves to protect the power circuit 
from being subjected to excessive voltages if the load 
should change suddenly (lamp removal). A divider from 
the high voltage DC bus (Figure 8: R14, R24) sets the 
OVP trip level. When the voltage on Pin 11 exceeds 5V, 
the PFC transistor is inhibited. The ballast section will 
continue to operate. If Pin 11 is driven above 6.8V, the 
IC is inhibited and goes into the low quiescent mode. 
The OVP threshold should be set to a level where the 
power components are safe to operate, but not so low 
as to interfere with the boost voltage regulation loop 
(R11,R12, R23). 

BALLAST OUTPUT SECTION 

The IC controls output power to the lamps in one of three 
different modes. The Mode pin (Pin 8) sets the operating 
mode of the IC. With Pin 8 at GND, the output section is 
in the Frequency Modulation mode with non-overlapping 
conduction, which means that both ballast output drivers 
will be low during tQ\$ (Figure 2). In the overlapping mode 
(VCO-O), Pin 8 is left open and the transition from OUT A 
high to OUT B high occurs with no dead time. This mode 
is typically used in current fed ballast topologies. 
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Mode 


Pin 8 


Definition 


vco 


GND 


Frequency Modulation 


vco-o 


OPEN 


Overlapping VCO F.M. 


PWM 


VREF 


Pulse Width Modulation 



Table 1 . ML4830 Operating Modes 

OSCILLATOR 

In Table 1 above, the two VCO frequency ranges are 
controlled by the output of the LFB amplifier (Pin 6). As 
lamp current decreases, Pin 6 rises in voltage, causing the 
C(T) charging current to decrease, thereby causing the 
oscillator frequency to decrease. Since the ballast output 
network attenuates high frequencies, the power to the 
lamp will be increased. 

In PWM Mode, Ichg ,s ° so tne oscillator's frequency is 
set per (1) below. 



Also, in both VCO modes, the when LFB OUT is high, 
Ichg = and the minimum frequency occurs. The 
charging current varies according to two control inputs to 
the oscillator: 

1 . The output of the preheat timer 

2. The voltage at Pin 6 (lamp current output) 
In preheat condition, charging current is fixed at 



'cHG (PREHEAT) : 



2.5 
R(SET) 



(1) 



In running mode, charging current decreases as the VpiN7 
rises from OV to Vqh of trhe LAMP FB amplifier. The 
highest frequency will be attained when Ichg > s highest, 
which is attained when VpiNe Is at OV: 



'CHGO)) : 



R(SET) 



(2) 



The oscillator frequency is determined by the following 
equations: 



H3 



HB 



Vref 




r osc- 




^HG+tolS 



and 



tcHG - R T C T ,n 



6.25 + I C hg R T 

3.75 + l C HG Rt 



(3) 



(4) 



The oscillator's minimum frequency is set when Ichg = 
where: 



r OSC : 



0.51xR T C T 



(5) 



This assumes that tcHG » tois- 

Highest lamp power, and lowest output frequency are 
attained when VpiNe is at its maximum output voltage 
(Voh). 

In this condition, the minimum operating frequency of the 
ballast is set per (5) above. 

For the IC to be used effectively in dimming ballasts with 
higher Q output networks a larger Cj value and lower Rj 
value can be used, to yield a smaller frequency excursion 
over the control range (Vp^e). The discharge current is set 
to 5mA. Assuming that Iqis » Irt* 



t DIS(VCO)- 490xC T 



(6) 



Figure 2. Oscillator Block Diagram and Timing 
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IC BIAS, UNDER-VOLTAGE LOCKOUT AND THERMAL 
SHUTDOWN 

The IC includes a shunt regulator which will limit the 
voltage at VCC to 1 3.5 (V CC z). The IC should be fed with 
a current limited source, typically derived from the ballast 
transformer auxiliary winding. When VCC is below Vccz 
- 0.7V, the IC draws less than 1 .7mA of quiescent current 
and the outputs are off. This allows the IC to start using a 
"bleed resistor" from the rectified AC line. 




Figure 3. Typical Vcc and Ice waveforms when ML4830 

is started with a bleed resistor from the rectified AC line 

and bootstrapped from the ballast transformer. 

To help reduce ballast cost, the ML4830 includes a 
temperature sensor which will inhibit ballast operation if 
the IC's junction temperature exceeds 120°C. In order to 
use this sensor in lieu of an external sensor, care should be 
taken when placing the IC to ensure that it is sensing 
temperature at the physically appropriate point in the 
ballast. The ML4830's die temperature can be estimated 
with the following equation: 



Tj=T A xP D x65°C/W 



(7) 



This will produce a high frequency (or low duty cycle) for 
filament preheat, but will not produce sufficient voltage to 
ignite the lamp. 

After cathode heating, the inverter frequency drops to 
F/viiN causing a high voltage to appear to ignite the lamp. 
If the voltage does not drop when the lamp is supposed to 
have ignited, the lamp voltage feedback coming into Pin 
10 rises to above Vref> tne QX) charging current is shut off 
and the inverter is inhibited until C(X) is discharged by 
R(X) to the 1 .2V threshold. Shutting off the inverter in this 
manner prevents the inverter from generating excessive 
heat when the lamp fails to strike or is out of socket. 
Typically this time is set to be fairly long by choosing a 
large value of R(X). 

LFB OUT is ignored until C(X) reaches 6.8V threshold. 
The lamps are therefore driven to full power and then 
dimmed. The C(X) pin is clamped to about 7.5V. 

A timing diagram of lamp ignition and restart sequences 
provided by the circuit of Figure 4 is given in Figure 7. 



R(X)/C(X) 
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1.2/6.8 | " 



JT 
JT 




DIMMING 
* LOCKOUT 



EH 



Vref 




Figure 4. Lamp Preheat and Interrupt Timers 



STARTING, RE-START, PREHEAT AND INTERRUPT 

The lamp starting scenario implemented in the ML4830 is 
designed to maximize lamp life and minimize ballast 
heating during lamp out conditions. 

The circuit in Figure 4 controls the lamp starting scenarios: 
Filament preheat and Lamp Out interrupt. C(X) is charged 

with a current of -^^ili. r °- 625 and discharged 
4 R(SET) 5 

through R(X). The voltage at C(X) is initialized to 0.7V 
(V BE ) at power up. The time for C(X) to rise to 3.4V is il.c 
filament preheat time. During that time, the oscillator 

charging current (I CH g) ' s in both VCO modes. 

R(SET) 



Mode 


PWM 


FM 


Preheat 


50% 


[F(MAX)toF(MIN)] 
2 


Dimming 
Lock-out 


D(MAX)% 


F(MIN) 


Dimming 
Control 


to D(MAX)% 


F(MIN) to F(MAX) 



Figure 5. Lamp Starting Summary 

A summary of the lamp starting scenarios are given in 
figure 5 for both PWM and Frequency Modulation modes. 
The PWM duty cycle is defined as: 



Duty Cycle = 



_Iqn 



l CLK 
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SEMI-STANDARD CAPABILITIES 

The ML4830 is designed to work in a wide variety of 
electronic ballast applications. For high volume, cost 
sensitive applications, a ballast design can be implemented 
and debugged using the ML4830. From that design, Micro 
Linear can produce a reduced feature set, optimized 
ballast IC design quickly and easily with low risk. 

Contact your Micro Linear representative or call Micro 
Linear for more information on Semi-Standard options. 



Figure 6. Definition of Duty Cycles 



R(X)/C(X) 




Figure 7. Lamp Starting and Restart Timing 
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Figure. 8 Typical Application: 2-Lamp Isolated Dimming Ballast with Active Power Factor Correction for 120VAC Input 
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APPLICATIONS (continued) 

The schematic (Figure 8) and the bill of materials on the 
following pages represents a complete parts list for the 
schematic (Figure 8). Designators refer to Micro Linear's 
"rev B" PCB. 



TABLE 1 : PARTS LIST FOR THE ML4830 TYPICAL APPLICATION 


CAPACITORS 


QTY. REF. 


DESCRIPTION 


MFR. 


PART NUMBER 


2 C1,2 


3.3nF, 125VAC, 10%, ceramic, "Y" capacitor 


Panasonic 


ECK-DNS332ME 


1 C3 


0.33*iF, 250VAC, "X", capacitor 


Panasonic 


ECQ-U2A334MV 


4 04,8,9,12, 


22 0.1 jiF, 50V, 10%, ceramic capacitor 


AVX 


SR215C104KAA 


1 C5 


47nF, 50V, 10%, ceramic capacitor 


AVX 


SR211C472KAA 


1 C6 


1 .5|iF, 50V, 2.5%, NPO ceramic capacitor 


AVX 


RPE121COG152 


2 C7 


1 jaF, 50V, 20%, ceramic capacitor 


AVX 


SR305E105MAA 


1 C10 


1 0On-F, 25V, 20%, electrolytic capacitor 


Panasonic 


ECE-A1EFS101 


1 C11 


1 0O^iF, 250V, 20%, electrolytic capacitor 


Panasonic 


ECE-S2EG101E 


1 C13 


4.7\it, 50V, 20%, electrolytic capacitor 


Panasonic 


ECE-A50Z4R7 


3 C14,15, 17 


0.22jaF, 50V, 10%, ceramic capacitor 


AVX 


SR305C224KAA 


1 C16 


1 .5p-F, 50V, 10%, ceramic capacitor 


AVX 


SR151V152KAA 


1 C19 


22nF, 630V, 5%, polypropylene capacitor 


WIMA 


MKP10, 22nF, 630V, 5% 


1 C20 


0.1 [it, 250V, 5%, polypropylene capacitor 


WIMA 


MKP10,0.1*iF, 250V, 5% 


1 C21 


0.01 fiF, 50V, 10%, ceramic capacitor 


AVX 


SR211C103KAA 


1 C24 


220*iF, 1 6V, 20%, electrolytic capacitor 


Panasonic 


ECE-A16Z220 


RESISTORS: 


1 R1 


0.5Q, 5%, 1/2W, metal film resistor 


NTE 




1 R2 


4.3K, 1/4W, 5%, carbon film resistor 


Yageo 


4.3K-Q 


1 R3 


47K, 1/4W, 5%, carbon film resistor 


Yageo 


47K-Q 


1 R4 


12K, 1/4W, 5%, carbon film resistor 


Yageo 


12K-Q 


1 R5 


20K, 1/4W, 1%, metal film resistor 


Dale 


SMA4-20K-1 


1 R6 


360K, 1/4W, 5%, carbon film resistor 


Yageo 


360K-Q 


1 R7 


36K, 1 W, 5%, carbon film resistor 


Yageo 


36KW-1-ND 


3 R8, 22, 1 1 


22Q, 1/4W, 5%, carbon film resistor 


Yageo 


22-Q 


1 R9 


402K, 1/4W, 1%, metal film resistor 


Dale 


SMA4-402K-1 


1 R10, 13 


1 7.8K, 1/4W, 1 %, metal film resistor 


Dale 


SMA4-17.8K-1 


1 R12,20 


475K,1/4W, 1%, metal film resistor 


Dale 


SMA4-475K-1 
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TABLE 1: PARTS LIST FOR ML4830 TYPICAL APPLICATION (Continued) 


RESISTORS: (Continued) 


QTY. REF. DESCRIPTION 


MFR. 


PART NUMBER 


4 R1 4 1 00K, 1/4W, 5%, carbon film resistor 


Yageo 


100K-Q 



1 R15 


681 K, 1/4W, 5%, carbon film resistor 


Yageo 


681 K-Q 


1 R16, 19 


10K, 1/4W, 1%, metal film resistor 


Dale 


SMA4-10K-1 


1 R18 


4.7K, 1/4W, 5%, carbon film resistor 


Tageo 


681 K-Q 


1 R21 


33Q, 1/4W, 5%, carbon film resistor 


Yageo 


33-Q 


1 R23 


25K, pot (for dimming adjustment) 


Bourns 


3386P-253-ND 



DIODES: 


4 


01,2,3,4 


1 A, 600V, 1N4007 diode 
(or 1 N5061 as a substitute) 


Motorola 


1 N4007TR 


2 


D5, 6 


1 A, 50V (or more), 1 N4001 diodes 


Motorola 


1N4001TR 


1 


07 


3A, 400V, BYV26C or BYT03 400 fast recovery 
or MUR440 Motorola ultra Fast diode 


Gl 


BYV26C 


6 


D8, 9, 10,11 
12, 13 


0.1 A, 75V, 1N4148 signal diode 


Motorola 


1N4148TR 


IC's: 


1 


IC1 


ML4830, Electronic Ballast Controller IC 


Micro 
Linear 


ML4830CP 


TRANSISTORS: 


3 


Q1,2, 3 


3.3A, 400V, IRF720 power MOSFET 


IR 


IR720 


MAGNETICS: 



1 T1 T1 Boost Inductor, E24/25, 1 mH, Custom Coils P/N 5039 or Coiltronics P/N CTX05-1 2538-1 

E24/25 core set, TDK PC40 material 
8-pin vertical bobbin (Cosmo #4564-3-41 9), 
Wind as follows: 

195 turns 25AWG magnet wire, start pin #1, end pin #4 
1 layer mylar tape 

14 turns 26AWG magnet wire, start pin #3, end pin #2 
NOTE: Gap for 1mH ±5% 

1 T2 T2 Gate Drive Xfmr, L PR | = 3mH, Custom Coils P/N 5037 or Coiltronics P/N CTX05-1 2539-1 

Toroid Magnetics YW-41305-TC 
Wind as follows: 

Primary = 25 turns 30AWG magnet wire, start pin #1 , end pin #4 
Secondary = 50 turns 30AWG magnet wire, start pin #5, end pin #8 
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TABLE 1 : PARTS LIST FOR ML4830 TYPICAL APPLICATION (Continued) 


MAGNETICS: (Continued) 


QTY. REF. 


DESCRIPTION 


MFR. 


PART NUMBER 



T3 



T5 



T3 Inductor, L PR , = 1 .66mH, Custom Ciols P/N 5041 or Coiltronics P/N CTX05-1 2547-1 

E24/25 core set, TDK PC40 material 

10 pin horizontal bobbin (Plastron #0722B-31-80) 

Wind as follows: 

1 st: 1 70T of 25AWG magnet wire; start pin #1 0, end pin #9. 

1 layer of mylar tape 

2nd: 5T of #32 magnet wire; start pin #2, end pin #1 

1 layer of mylar tape 

3rd: 3T of #30 Kynar coated wire; start pin #4, end pin #5 

4th: 3T of #30 Kynar coated wire; start pin #3, end pin #6 

5th: 3T of #30 Kynar coated wire; start pin #7, end pin #8 

NOTE: Gap for 1 .66mH ±5% (pins 9 to 1 0) 



T4 T4 Power Xfmr, L PR | = 3.87mH, Custom Ciols P/N 5038 or Coiltronics P/N CTX05-1 2545-1 

E24/25 core set, TDK PC40 material 
8 pin vertical bobbin (Cosmo #4564-3-41 9) 
Wind as follows: 

1 st: 200T of 30AWG magnet wire; start pin #1 , end pin #4. 
1 layer of mylar tape 

2nd: 300T of 32AWG magnet wire; start pin #5, end pin #8 
NOTE: Gap for inductance primary: (pins 1 to 4) @ 3.87mH ±5% 



T5 Current Sense Inductor, Custom Coils P/N 5040 or Coiltronics P/N CTX05-1 2546-1 

Toroid Magnetics YW-41 305-TC 

Wind as follows: 

Primary = 3T 30AWG magnet coated wire, start pin #1 , end pin #4 

Secondary = 400T 35AWG magnet wire, start pin #5, end pin #8 



INDUCTORS: 


2 LI, 2 


EMI/RFI Inductor, 600U.H, DC resistance = 


= 0.45ft Prem. 

Magnetics 


SPE116A 


FUSES: 


1 F1 


2A fuse, 5 x 20mm miniature 


Littlefuse 


F948-ND 


2 


Fuse Clips, 5 x 20mm, PC Mount 




F058-ND 


HARDWARE: 


1 


Single TO-220 Heatsink 


Aavid Eng. 


PB1ST-69 


2 


Double TO-220 Heatsink 


IERC 


PSE1-2TC 


3 


MICA Insulators 


Keystone 


4673K-ND 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4830CP 
ML4830CS 


0°C to + 85°C 
0°C to +85°C 


Molded DIP (P20) 
Molded SOIC (S20) 



3^, Micro Linear 



7-185 



3^ Micro Linear 



September 1 994 
PRELIMINARY 

ML4831 



Electronic Ballast Controller 



GENERAL DESCRIPTION 

The ML4831 is a complete solution for a dimmable, high 
power factor, high efficiency electronic ballast. Contained 
in the ML4831 are controllers for "boost" type power 
factor correction as well as for a dimming ballast. 

The Power factor circuit uses the average current sensing 
method with a current fed multiplier and over-voltage 
protection. This system produces power factors of better 
than 0.99 with low input current THD at > 95% 
efficiency. Special care has been taken in the design of the 
ML4831 to increase system noise immunity by using a 
high amplitude oscillator, and a current fed multiplier. An 
over-voltage protection comparator inhibits the PFC 
section in the event of a lamp out or lamp failure 
condition. 

The ballast section provides for programmable starting 
scenarios with programmable preheat and lamp out-of- 
socket interrupt times. The IC controls lamp output 
through either frequency modulation using lamp current 
feedback. 

The ML4831 is designed using Micro Linear's Semi- 
Standard tile array technology. Customized versions of this 
IC, optimized to specific ballast architectures can be made 
available. Contact Micro Linear or an authorized 
representative for more information. 



FEATURES 

■ Complete Power Factor Correction and Dimming 
Ballast Control on one IC 

■ Low Distortion, High Efficiency Continuous Boost, 
Average Current sensing PFC section 

■ Programmable Start Scenario for Rapid or Instant Start 
Lamps 

■ Lamp Current feedback for Dimming Control 

■ Variable Frequency dimming and starting 

■ Programmable Restart for lamp out condition to 
reduce ballast heating 

■ Over-Temperature Shutdown replaces external heat 
sensor for safety 

■ PFC Over-Voltage comparator eliminates output 
"runaway" due to load removal 

■ Large oscillator amplitude and current fed multiplier 
improves noise immunity 



BLOCK DIAGRAM 
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PIN CONFIGURATION 







ML4831 






18-Pin DIP (P1 8) 




EAOUT [^ 




^^^r- 


18 


Z2 EA-/OVP 


IAOUT Q 


2 






Zl V REF 


l(SINE) [2 


3 




16 


Zl vcc 


IA+ Q 


4 






^] PFCOUT 


LAMP F.B. [Z 


5 




14 


^j OUT A 


LFB OUT Q 


6 




13 


^2 OUTB 


R(SET) J~ 


7 




12 


Zl PGND 


R(T)/C(T) [2 


8 






^j CND 


INTERRUPT Q 


9 




10 


^ R(X)/C(X) 






TOP VIEW 







PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



1 EA OUT PFC Error Amplifier output and 

compensation node 

2 IA OUT Output and compensation node of the 

PFC average current transconductance 
amplifier. 

3 l(SINE) PFC Current Multiplier input. 

4 IA+ Non-inverting input of the PFC 

average current transconductance 
amplifier and peak current sense point 
of the PFC cycle by cycle current limit 
comparator. 

5 LAMP F.B. Inverting input of an Error Amplifier 

used to sense (and regulate) lamp arc 
current. Also the input node for 
dimming control. 

6 LFB OUT Output from the Lamp Current Error 

Transconductance Amplifier used for 
lamp current loop compensation 

7 R(SET) External resistor which sets oscillator 

FmaX/ and R(X)/C(X) charging current 



PIN# NAME 



FUNCTION 



8 R(T)C(T) Oscillator timing components 

9 INTERRUPT Input used for lamp-out detection and 

restart. A voltage greater than 7.5 volts 
resets the chip and causes a restart 
after a programmable interval. 

1 R(X)/C(X) Sets the timing for the preheat, 

dimming lockout, and interrupt 

11 GND Ground 

12 P GND Power ground for the IC 

1 3 OUT B Ballast MOSFET drive output 

14 OUT A Ballast MOSFET drive output 

1 5 PFC OUT Power Factor MOSFET drive output 

1 6 VCC Positive Supply for the IC 

1 7 Vref Buffered output for the 7.5V voltage 

reference 

1 8 EA-/OVP Inverting input to PFC error amplifier 

and OVP comparator input 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current (Ice) 75mA 

Output Current, Source or Sink (Pins 13, 14, 15) 

DC 250mA 

Output Energy (capacitive load per cycle) 1 .5 mj 

Multiplier l(SINE) Input (Pin 3) 10 mA 

Analog Inputs (Pins 5, 9, 1 8) -0.3V to VCC -2V 

Pin 4 input voltage -3V to +2V 

Maximum Forced Voltage (Pins 1, 6) -0.3V to 7.7V 



Maximum Forced Current (Pins 1, 2, 6) ±20mA 

Maximum Forced Voltage (Pin 2) -0.3V to 6V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 Sec.) +260°C 

Thermal Resistance (0ja) 
Plastic DIP-P 70°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4831C 0°C to 85°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, R(SET) = 31 .6K, R(T) = 16.2K, C(T) = 1 .5nF, Tj = 
l cc = 25mA 



Junction Operating Temperature Range, 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



PFC Current Sense Amplifier (Pins 2, 4) 



Small Signal Transconductance 




130 


200 


270 


u.mhos 


Input Voltage Range 




-0.3 




3.5 


V 


Output Low 


'sine = 0mA, Vp jN1 = 0V, 
V P | N4 = -0.3V, R L = oo 




0.2 


0.4 


V 


Output High 


'sine = 1 -5mA, Vp, N18 / 4 = 0V, R L = oo 


5.2 


5.6 


6 


V 


Source Current 


I S ine = 1 -5mA, Vp| N18/4 = 0V, V P | N2 = 5 V 




-0.3 




mA 


Sink Current 


I S ine = 0mA, V PIN2 = 0.3V, 
Vp IN4 = -0.3V,Vp IN1 =0V 




0.3 




mA 



PFC Voltage Feedback Amplifier (Pins 1, 18)/Lamp Current Amplifier (Pins 5, 6) 



Input Offset Voltage 






±3.0 


±10.0 


mV 


Input Bias Current 






-0.3 


-1.0 


UA 


Small Signal Transconductance 




50 


80 


110 


ixmhos 


Input Voltage Range 




-0.3 




3.5 


V 


Output Low 


Vp|N5/18 = 3V, R L = oo 




0.2 


0.4 


V 


Output High 


Vp|N5/18 = 2V, R L = oo 


7.2 


7.5 




V 


Source Current 


Vp|N5/18 = 0V, Vp| N1 / 6 = 7V 




-0.2 




mA 


Sink Current 


VpiN5/l8 = 5V, V PIN1 / 6 = 0.3V 




0.2 




mA 



Multiplier 



Output Voltage 


l S iNE = 100uA,V P , N1 =3V 




40 




mV 




Isine = 300uA, V PIN1 = 3V 




130 




mV 




Isine=100uA,Vp IN1 =6V 




112 




mV 




Isine = 300uA, V PIN1 = 6V 




350 




mV 


Output Voltage Limit 


lsiNE = 1.5mA,V PINl8 = 0V 




865 




mV 




'SINE = 0, Vp|N 1 e = 0V 






15 


mV 




Isine = 150mA, Vp, N1 8 = 3V 






15 


mV 


l(SINE) Input Voltage 


Isine = 200uA 


0.8 


1.4 


1.8 


V 



7-188 



fi^Micro Linear 



ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



Oscillator 



Reference Section 



Interrupt Input (Pin 9) 



ML4831 



MAX 



UNITS 



Initial accuracy 


T A = 25°C 


72 


76 


80 


KHz 


Voltage stability 


V C cz - 3V < V cc <V CC z - 0.5V 




1 




% 


Temperature stability 






2 




% 


Total Variation 


Line, temperature 


69 




83 


KHz 


Ramp Valley to Peak 






2.5 




V 


C(T) Charging Current (FM Modes) 


Vpin5 = 3V / V p1N8 = 2.5V, 
VpiNio = 0-9V (Preheat) 




-78 




pA 




Vp,n5 = 3V / V PIN8 = 2.5V / 
V P iNlo = Open 




-156 




uA 


C(T) Discharge Current 


V P ,N8 = 2.5V 




5 




mA 


Output Drive Deadtime 






0.75 




us 



Output Voltage 


T A = 25°C, l = 1mA 


7.4 


7.5 


7.6 


V 


Line regulation 


V C cz - 3V < V CC <V C cz- 0.5V 




2 


10 


mV 


Load regulation 


1 mA < l < 20mA 




2 


15 


mV 


Temperature stability 






0.4 




% 


Total Variation 


Line, load, temp 


7.35 




7.65 


V 


Output Noise Voltage 


10Hzto10KHz 




50 




UV 


Long Term Stability 


Tj = 125°C, 1000hrs 




5 




mV 


Short Circuit Current 


Vcc <V CC z- 0.5V, V REF = 0V 




-40 




mA 



Preheat and Interrupt Timer (Pin 10) (R(X) = . 


590KQ, C(X) = 5.6uT) 










Initial Preheat Period 






0.8 




s 


Subsequent Preheat Period 






0.7 




s 


Start Period 






2.1 




s 


Interrupt Period 






6.3 




s 


Pin 10 Charging Current 






-19 




uA 


Pin 1 Open Circuit Voltage 


V C c = 12.3V in UVLO 


0.4 


0.9 


1.1 


V 


Pin 10 Maximum Voltage 




7.0 


7.3 


7.7 


V 


Input Bias Current 


V PIN10 =1.2V 




-0.2 




uA 


Preheat Lower Threshold 






1.18 




V 


Preheat Upper Threshold 






3.36 




V 


Interrupt Recovery Threshold 






1.18 




V 


Start Period End Threshold 






6.7 




V 



Interrupt Threshold 




7.35 


7.5 


7.65 


V 


Input Bias Current 






-0.3 


-1 


uA 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


OVP Comparator (Pin 18) 


OVP Threshold 




2.6 


2.7 


2.8 


V 


Hysteresis 






0.25 




V 


Propagation Delay 






500 




ns 


Outputs 


Output Voltage Low 


'out = 20mA 




0.4 


0.8 


V 




Iout = 200mA 




2.1 


3.0 


V 


Output Voltage High 


Iqut = -20mA 


Vcc-2.5 


Vcc-1.9 




V 




Iout = -200mA 


Vcc-3.0 


Vcc-2.2 




V 


Output Voltage Low in UVLO 


Iout =1 0mA, V CC = 8V 




0.8 


1.5 


V 


Output Rise/Fall Time 


C L = 1000pF 




50 




ns 


Under-Voltage Lockout and Bias Circuits 


IC Shunt Voltage (V C cz) 


Ice = 25mA 


12.8 


13.5 


14.2 


V 


Vccz Load Regulation 


25mA < Ice < 68mA 




150 


300 


mV 


Vccz Total Variation 


Load, Temp 


12.4 




14.6 


V 


Start-up Current 


V CC ^ 12.3V 




1.3 


1.7 


mA 


Operating Current 


V C c = Vccz -0.5V 




15 


19 


mA 


Start-up Threshold 






Vccz -0.5 




V 


Shutdown Threshold 






Vccz -3.5 




V 


Shutdown Temperature (Tj) 






120 




°C 


Hysteresis (Tj) 






30 




°C 





FUNCTIONAL DESCRIPTION 

OVERVIEW 

The ML4831 consists of an Average Current controlled 
continuous boost Power Factor front end section with a 
flexible ballast control section. Start-up and lamp-out retry 
timing are controlled by the selection of external timing 
components, allowing for control of a wide variety of 
different lamp types. The ballast section controls the lamp 
power using frequency modulation (FM) with additional 
programmability provided to adjust the VCO frequency 
range. This allows for the IC to be used with a variety of 
different output networks. 

POWER FACTOR SECTION 

The ML4831 Power Factor section is an average current 
sensing boost mode PFC control circuit which is 
architecturally similar to that found in the ML4821 . For 
detailed information on this control architecture, please 
refer to Application Note 1 6 and the ML4821 data sheet. 



MULTIPLIER 

The ML4831 multiplier is a linear current input multiplier 
which provides high immunity to the disturbances caused 
by high power switching. The rectified line input sine 
wave is converted to a current via a dropping resistor. In 
this way, small amounts of ground noise produce an 
insignificant effect on the reference to the PWM 
comparator. 

The output of the multiplier appears on the positive 
terminal of the IA amplifier to form the reference for the 
current error amplifier. Please refer to Figure 1 . 



V MUL 



[l(SINE)x(VEA-1.1V)] 
" 4.17mA " 



(1) 



where: l(SINE) is the current in the dropping resistor, 
V(EA) is the output of the error amplifier (Pin 1 ). 

The output of the multiplier is limited to 1 .0V. 
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AVERAGE CURRENT AND OUTPUT VOLTAGE 
REGULATION 

The PWM regulator in the PFC Control section will act to 
offset the positive voltage caused by the multiplier output 
by producing an offsetting negative voltage on the current 
sense resistor at Pin 4. A cycle-by-cycle current limit is 
included to protect the MOSFET from high speed current 
transients. When the voltage at Pin 4 goes negative by 
more than 1 V, the PWM cycle is terminated. 

For more information on compensating the average 
current and boost voltage error amplifier loops, see 
ML4821 datasheet. 

OVERVOLTAGE PROTECTION AND INHIBIT 

The OVP pin serves to protect the power circuit from 
being subjected to excessive voltages if the load should 
change suddenly (lamp removal). A divider from the high 
voltage DC bus sets the OVP trip level. When the voltage 
on Pin 18 exceeds 2.75V, the PFC transistors are inhibited. 
The ballast section will continue to operate. The OVP 
threshold should be set to a level where the power 
components are safe to operate, but not so low 
as to interfere with the boost voltage regulation loop. 



TRANSCONDUCTANCE AMPLIFIERS 

The PFC voltage feedback, PFC current sense, and the 
loop current amplifiers are all implemented as operational 
transconductance amplifiers. They are designed to have 
low small signal forward transconductance such that a 
large value of load resistor (R1) and a low value ceramic 
capacitor (<1uf) can be used for AC coupling (C1) in the 
frequency compensation network. The compensation 
network shown in Figure 2 will introduce a zero and a 
pole at: 



f 7 



1 



1 



27i Rfa 



2tc R^ 



(2) 




Figure 2. Compensation Network 




Figure 1. ML4831 Block Diagram 
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Figure 3 shows the output configuration for the 
operational transconductance amplifiers. 



CURRENT 
MIRROR 

IN OUT 



IQ 



IQ- 









gmViN 



i 



~ | I io = gmViN 



IN OUT 

CURRENT 
MIRROR 



Figure 3. Output Configuration 

A DC path to ground or VCC at the output of the 
transconductance amplifiers will introduce an offset error. 
The magnitude of the offset voltage that will appear at the 
input is given by Vqs = io/gm. For a io of 1 uA and a gm 
of 0.08 jumhos the input referred offset will be 1 2.5mV. 
Capacitor C1 as shown in Figure 2 is used to block the 
DC current to minimize the adverse effect of offsets. 

Slew rate enhancement is incorporated into all of the 
operational transconductance amplifiers in the ML4831 . 
This improves the recovery of the circuit in response to 
power up and transient conditions. The response to large 
signals will be somewhat non-linear as the 
transconductance amplifiers change from their low to high 
transconductance mode. This is illustrated in Figure 4. 




>► Vin Differential 



BALLAST OUTPUT SECTION 

The IC controls output power to the lamps via frequency 
modulation with non-overlapping conduction. This means 
that both ballast output drivers will be low during the 
discharging time tpis of the oscillator capacitor Or. 

OSCILLATOR 

The VCO frequency ranges are controlled by the output of 
the LFB amplifier (Pin 6). As lamp current decreases, Pin 6 
rises in voltage, causing the C(T) charging current to 
decrease, thereby causing the oscillator frequency to 
decrease. Since the ballast output network attenuates high 
frequencies, the power to the lamp will be increased. 



r-e 



—a 



Vref 





Figure 5. Oscillator Block Diagram and Timing 

The oscillator frequency is determined by the following 
equations: 



r osc- 



:+tr 



(3) 



Figure 4. Transconductance Amplifier Characteristics 



t -R r inl V REF + [ CH R T ~ V TL , 

tcHG ~ R T C T ,n y -, R w (4) 

l V REF +, CH K T V TH> 
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The oscillator's minimum frequency is set when Ich : 
where: 



1 



(5) 



^ 0.51xR T C T 

This assumes that tcHG » tDis- 

When LFB OUT is high, Ich = and the minimum 
frequency occurs. The charging current varies according 
to two control inputs to the oscillator: 

1 . The output of the preheat timer 

2. The voltage at Pin 6 (lamp feedback amplifier 
output) 

In preheat condition, charging current is fixed at 



'CHC (PREHEAT) " 



2.5 
R(SET) 



(6) 



In running mode, charging current decreases as the VpiNe 
rises from OV to Voh of tne LAMP FB amplifier. The 
highest frequency will be attained when Ichg is highest, 
which is attained when VpiNe is at OV: 



,CHG(0)- R(SET) 



(7) 



Highest lamp power, and lowest output frequency are 
attained when Vpusie is at its maximum output voltage 
(Voh). 

In this condition, the minimum operating frequency of the 
ballast is set per (5) above. 

For the IC to be used effectively in dimming ballasts with 
higher Q output networks a larger Cy value and lower Rj 
value can be used, to yield a smaller frequency excursion 
over the control range (Vpin 6 ). The discharge current is set 
to 5mA. Assuming that \q\s » Irt: 



tDWCO) - 490 x C T 



(8) 



IC BIAS, UNDER-VOLTAGE LOCKOUT AND THERMAL 
SHUTDOWN 

The IC includes a shunt regulator which will limit the 
voltage at V<x to 1 3.5 (Vccz)- The IC should be fed with 
a current limited source, typically derived from the ballast 
transformer auxiliary winding. When Vcc is below 
Vccz - 0.7V, the IC draws less than 1 .7mA of quiescent 
current and the outputs are off. This allows the IC to start 
using a "bleed resistor" from the rectified AC line. 



To help reduce ballast cost, the ML4831 includes a 
temperature sensor which will inhibit ballast operation if 
the IC's junction temperature exceeds 1 20°C. In order to 
use this sensor in lieu of an external sensor, care should be 
taken when placing the IC to ensure that it is sensing 
temperature at the physically appropriate point in the 
ballast. The ML4831 's die temperature can be estimated 
with the following equation: 



Tj=T A xP D x65°C/W 



(9) 



v C c vccz 

V(ON) 
V(OFF) 


U ^^_ 











1 
1 

I 


ice 

15mA 

1.3mA 




t - 

















Figure 6. Typical V<x and Ice Waveforms when 

the ML4831 is Started with a Bleed Resistor from 

the Rectified AC Line and Bootstrapped from an 

Auxiliary Winding. 



STARTING, RE-START, PREHEAT AND INTERRUPT 

The lamp starting scenario implemented in the ML4831 
is designed to maximize lamp life and minimize ballast 
heating during lamp out conditions. 

The circuit in Figure 7 controls the lamp starting scenarios: 
Filament preheat and Lamp Out interrupt. C(X) is charged 
with a current of Ir(set/4 and discharged through R(X). 
The voltage at C(X) is initialized to 0.7V (Vbe) at power 
up. The time for C(X) to rise to 3.4V is the filament preheat 
time. During that time, the oscillator charging current 
(Ichg) > s 2.5/R(SET). This will produce a high frequency 
for filament preheat, but will not produce sufficient 
voltage to ignite the lamp. 

After cathode heating, the inverter frequency drops to F MiN 
causing a high voltage to appear to ignite the lamp. If the 
voltage does not drop when the lamp is supposed to have 
ignited, the lamp voltage feedback coming into Pin 9 rises 
to above Vref/ the C(X) charging current is shut off and the 
inverter is inhibited until C(X) is discharged by R(X) to the 
1 .2V threshold. Shutting off the inverter in this manner 
prevents the inverter from generating excessive heat when 
the lamp fails to strike or is out of socket. Typically this 
time is set to be fairly long by choosing a large value of R(X). 
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R(X)/C(X) 



fR(X) 



-r—lioj — r- 

l 6.8 



0.625 ~r 
R(SET) /T\ 



EH 



VREF 



1.2/3.4 |— 




1.2/6.8 [— 



jr. 




DIMMING 
* LOCKOUT 




Figure 7. Lamp Preheat and Interrupt Timers 



LFB OUT is ignored by the oscillator until C(X) reaches 
6.8V threshold. The lamps are therefore driven to full 
power and then dimmed. The C(X) pin is clamped to 
about 7.5V. 

A summary of the operating frequencies in the various 
operating modes is shown below. 



Operating Mode 


Operating Frequency 


Preheat 


[F(MAX) to F(MIN)] 
2 


Dimming 
Lock-out 


F(MIN) 


Dimming 
Control 


F(MIN) to F(MAX) 



R(X)/C(X) 



DIMMING 
LOCKOUT 



6.8 -p. 








/ I 


L 


^v j 




r 




/ 

















































































7.5 


,_ 



























































Figure 8. Lamp Starting and Restart Timing 
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APPLICATIONS POWER FACTOR corrected fluorescent dimming lamp ballast 




Q 
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Figure 9. Typical Application: 2-Lamp Isolated Dimming Ballast with Active Power Factor Correction for 120VAC Input 
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TABLE 1: PARTS LIST FOR THE ML4831EVAL EVALUATION KIT 


CAPACITORS 


QTY. 


REF. 


DESCRIPTION 


MFR. 


PART NUMBER 


2 


C1,2 


3.3nF, 125VAC, 10%, ceramic, "Y" capacitor 


Panasonic 


ECK-DNS332ME 


1 


C3 


0.33nF, 250VAC, "X", capacitor 


Panasonic 


ECQ-U2A334MV 


4 


C4, 8, 9, 22 


0.1 nF, 50V, 10%, ceramic capacitor 


AVX 


SR215C104KAA 


2 


C5, 21 


0.01 ^iF, 50V, 10%, ceramic capacitor 


AVX 


SR211C103KAA 


1 


C6 


1 .5nF, 50V, 2.5%, NPO ceramic capacitor 


AVX 


RPE121COG152 


2 


C7, 12 


1|LiF, 50V, 20%, ceramic capacitor 


AVX 


SR305E105MAA 


1 


CIO 


100^F, 25V, 20%, electrolytic capacitor 


Panasonic 


ECE-A1EFS101 


1 


C11 


100nF, 250V, 20%, electrolytic capacitor 


Panasonic 


ECE-S2EG101E 


1 


C13 


4.7^F, 50V, 20%, electrolytic capacitor 


Panasonic 


ECE-A50Z4R7 


3 


C14, 15,17 


0.22jxF, 50V, 10%, ceramic capacitor 


AVX 


SR305C224KAA 


1 


C16 


1 .5fiF, 50V, 10%, ceramic capacitor 


AVX 


SR151V152KAA 


1 


C19 


22nF, 630V, 5%, polypropylene capacitor 


WIMA 


MKP10, 22nF, 630V, 5% 


1 


C20 


O.IjllF, 250V, 5%, polypropylene capacitor 


WIMA 


MKP10, 0.1 *iF, 250V, 5% 


1 


C23 


0.068|LiF, 1 60V, 5%, polypropylene capacitor 


WIMA 


MKP4, 68nF, 160V, 5% 


1 


C24 


220^F, 1 6V, 20%, electrolytic capacitor 


Panasonic 


ECE-A16Z220 


1 


C25 


47nF, 50V, 1 0%, ceramic capacitor 


AVX 


SR211C472KAA 


1 


C26 


330pF, 50V, 10%, ceramic capacitor 


AVX 


SR151A331JAA 


RESISTORS: 


1 


R1 


0.33Q, 5%, 1/2W, metal film resistor 


NTE 


HWD33 


1 


R2 


4.3K, 1/4W, 5%, carbon film resistor 


Yageo 


4.3K-Q 


1 


R3 


47K, 1/4W, 5%, carbon film resistor 


Yageo 


47K-Q 


1 


R4 


12K, 1/4W, 5%, carbon film resistor 


Yageo 


12K-Q 


1 


R5 


20K, 1/4VV, 1%/ metal film resistor 


Dale 


SMA4-20K-1 


1 


R6 


360K, 1/4W, 5%, carbon film resistor 


Yageo 


360K-Q 


1 


R7 


36K, 1 W, 5%, carbon film resistor 


Yageo 


36KW-1-ND 


3 


R8, 22, 1 1 


22Q, 1/4W, 5%, carbon film resistor 


Yageo 


22-Q 


1 


R9 


402K, 1/4W, 1%, metal film resistor 


Dale 


SMA4-402K-1 


1 


R10 


1 7.8K, 1/4W, 1 %, metal film resistor 


Dale 


SMA4-17.8K-1 


1 


R12 


475K, 1/4W, 1%, metal film resistor 


Dale 


SMA4-475K-1 


I 


K13 


5.49K, 1/4W, 1%, metal film resistor 


Dale 


SMA4-5.49K-1 
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TABLE 1 : PARTS LIST FOR ML4831 EVAL EVALUATION KIT 


(Continued) 


RESISTORS: (Conti 


inued) 






QTY. REF. 


DESCRIPTION 


MFR. 


PART NUMBER 


4 R1 4, 17,24, 


25 100K, 1/4W, 5%, carbon film resistor 


Yageo 


100K-Q 


1 R15 


681 K, 1/4W, 5%, carbon film resistor 


Yageo 


681 K-Q 


1 R16 


10K, 1/4W, 1%, metal film resistor 


Dale 


SMA4-10K-1 


1 R21 


33Q, 1/4W, 5%, carbon film resistor 


Yageo 


33-Q 


1 R23 


25K, pot (for dimming adjustment) 


Bourns 


3386P-253-ND 


DIODES: 


4 D1,2, 3, 4 


1 A, 600V, 1N4007 diode 
(or 1 N5061 as a substitute) 


Motorola 


1 N4007TR 


2 D5,6 


1 A, 50V (or more), 1 N4001 diodes 


Motorola 


1N4001TR 


1 07 


3A, 400V, BYV26C or BYT03 400 fast recovery 
or MUR440 Motorola ultra Fast diode 


Gl 


BYV26C 


5 D8,9, 11, 
12,13 


0.1 A, 75V, 1 N4148 signal diode 


Motorola 


1N4148TR 


IC's: 


1 IC1 


ML4831, Electronic Ballast Controller IC 


Micro 
Linear 


ML4831CP 


TRANSISTORS: 


3 Q1,2, 3 


3.3A, 400V, IRF720 power MOSFET 


IR 


IR720 


MAGNETICS: 



T1 T1 Boost Inductor, E24/25, 1 mH, Custom Coils P/N 5039 or Coiltronics P/N CTX05-1 2538-1 

E24/25 core set, TDK PC40 material 
8-pin vertical bobbin (Cosmo #4564-3-419), 
Wind as follows: 

1 95 turns 25AWG magnet wire, start pin #1 , end pin #4 
1 layer mylar tape 

14 turns 26AWG magnet wire, start pin #3, end pin #2 
NOTE: Gap for 1mH ±5% 

T2 T2 Gate Drive Xfmr, L PR! = 3mH, Custom Coils P/N 5037 or Coiltronics P/N CTX05-1 2539-1 

Toroid Magnetics YVV-41 305-TC 
Wind as follows: 

Primary = 25 turns 30AWG magnet wire, start pin #1, end pin #4 
Secondary = 50 turns 30AWG magnet wire, start pin #5, end pin #8 
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TABLE 1 : PARTS LIST FOR ML4831EVAL EVALUATION KIT 


(Continued) 


MAGNETICS: (Continued) 


QTY. REF. 


DESCRIPTION 


MFR. 


PART NUMBER 



T3 



T5 



T3 Inductor, L PR , = 1 .66011-1, Custom Ciols P/N 5041 or Coiltronics P/N CTX05-1 2547-1 

E24/25 core set, TDK PC40 material 

10 pin horizontal bobbin (Plastron #0722B-31-80) 

Wind as follows: 

1 st: 1 70T of 25AWG magnet wire; start pin #1 0, end pin #9. 

1 layer of mylar tape 

2nd: 5T of #32 magnet wire; start pin #2, end pin #1 

1 layer of mylar tape 

3rd: 3T of #30 Kynar coated wire; start pin #4, end pin #5 

4th: 3T of #30 Kynar coated wire; start pin #3, end pin #6 

5th: 3T of #30 Kynar coated wire; start pin #7, end pin #8 

NOTE: Gap for 1 .66mH ±5% (pins 9 to 1 0) 



T4 T4 Power Xfmr, L PR , = 3.87mH, Custom Ciols P/N 5038 or Coiltronics P/N CTX05-1 2545-1 

E24/25 core set, TDK PC40 material 
8 pin vertical bobbin (Cosmo #4564-3-419) 
Wind as follows: 

1 st: 200T of 30AWG magnet wire; start pin #1 , end pin #4. 
1 layer of mylar tape 
» 2nd: 300T of 32AWC magnet wire; start pin #5, end pin #8 
NOTE: Gap for inductance primary: (pins 1 to 4) @ 3.87mH ±5% 



T5 Current Sense Inductor, Custom Coils P/N 5040 or Coiltronics P/N CTX05-1 2546-1 

Toroid Magnetics YW-41 305-TC 

Wind as follows: 

Primary = 3T 30AWG magnet coated wire, start pin #1, end pin #4 

Secondary = 400T 35AWG magnet wire, start pin #5, end pin #8 



INDUCTORS: 


2 L1,2 


EMI/RFI Inductor, 600U.H, DC resistance = 


= 0.45ft 


Prem. 
Magnetics 


SPE116A 


FUSES: 


1 F1 


2A fuse, 5 x 20mm miniature 




Littlefuse 


F948-ND 


2 


Fuse Clips, 5 x 20mm, PC Mount 






F058-ND 


HARDWARE: 


1 


Single TO-220 Heatsink 




Aavid Eng. 


PB1ST-69 


2 


Double TO-220 Heatsink 




IERC 


PSE1-2TC 


3 


MICA Insulators 




Keystone 


4673K-ND 



wivucitirNlj IINI-UKMAIIUN 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4831CP 


0°C to + 85°C 


Molded DIP (P1 8) 
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ML4831 EVAL 



1 20VAC Dimmable Electronic Ballast Evaluation Kit 



GENERAL DESCRIPTION 

The ML4831 evaluation board is a low cost, improved 
version of Micro Linear's ML4830 dimmable ballast EVAL 
board. Careful attention was given to reducing the 
magnetics cost of the eval board as well as other costly 
components. In addition, the design was improved to both 
increase and linearize the dimming range, eliminate lamp 
shut-off at low intensities, reduce visible standing waves 
and simplify the lamp-out protection circuitry. All 
components used are inexpensive and easy to obtain. 

Operating from 85 to 1 35VAC line, the ML4831 
evaluation board is a power factor corrected 60W 
electronic ballast with a dimming range capable of a 20:1 
intensity change. Optimized to power two series 
connected T8 fluorescent bulbs, the ML4831 EVAL board 
displays all the features of Micro Linear's latest ballast 
controller IC. The mode of operation used for pre-heat, 
striking and dimming of the bulbs is the widely accepted 
variable frequency, non-overlapping inverter topology. 
This eval board may be used with various bulbs other than 
T8's (such asT12's). 



FEATURES 

■ Drives 2 Series Connected T8 or T1 2 Lamps (60W) 
(Will Drive a Single Lamp) 

■ Power Factor Corrected Front-End 

■ 85 to 135VAC Operation 

■ 20 to 1 Dimming Range Capability 

■ Uses Low Cost External Components 

KIT COMPONENTS 

■ ML4831 EVAL User's Guide 

■ ML4831 Datasheet 

■ Fully Functional ML4831 Evaluation Board 

■ PCB Layout Gerber File 
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ML4851 



Low Voltage Boost Regulator 



GENERAL DESCRIPTION 

The ML4851 Is a low power boost regulator designed for 
DC to DC conversion In 1 to 3 cell battery powered 
systems. The maximum switching frequency can exceed 
1 00kHz, allowing the use of small, low cost inductors. 

The combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4851 ideal for 1 cell 
applications. The ML4851 is capable of start-up with input 
voltages as low as 1 V and is available in 5V and 3.3V 
output versions with output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4851 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies in excess of 90%. 



The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage, or when the DETECT input drops below 200mV. 



FEATURES 

■ Guaranteed full load start-up and operation at 1V input 

■ Maximum switching frequency > 100kHz 

■ Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

■ Minimum external components 

■ Low ON resistance internal switching FETs 

■ Micropower operation 

■ 5V and 3.3V output versions 
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PIN CONNECTION 



ML4851-5/-3 
8-Pin SOIC (S08) 



vin n~ i 
v ref nz 2 

CND [~T~ 3 
DETECT |~T" 4 



~T~1 PWRGND 
~T~1 RESET 
ZD V L 
ZD Vqut 



ML4851 



PIN DESCRIPTION 



PIN 
NO. 



NAME 



FUNCTION 



1 Vin Battery input voltage 

2 Vref 200mV reference output 

3 GND Analog signal ground 

4 DETECT Pull ing thi s pin below Vref/ causes 

the RESET pin to go low 



PIN 
NO. 



NAME 



FUNCTION 



Vout Boost regulator output 

Vl Boost inductor connection 

RESET Output goes low when regulation 

cannot be achieved or when DETECT 
goes below 200mV 

PWR GND Return for the NMOS output transistor 



ORDERING INFORMATION 



PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4851ES-3 
ML4851ES-5 


3.3V 
5.0V 


-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 


ML4851IS-3 
ML4851IS-5 


3.3V 
5.0V 


-40°C to +85°C 
-40°C to +85°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
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ML4861 



Low Voltage Boost Regulator 



GENERAL DESCRIPTION 



FEATURES 



The ML4861 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4861 ideal for 1 cell 
applications. The ML4861 is capable of start-up with input 
voltages as low as 1 V and is available in 6V, 5V, and 3.3V 
output versions with output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4861 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies in excess of 90%. 



The circuit also contains a RESET output which goes low 
when the JC can no longer function due to low input 
voltage, or when the DETECT input drops below 200m V. 



Guaranteed full load start-up and operation at 1 V input 

Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

Minimum external components 

Low ON resistance internal switching FETs 

Micropower operation 

6V, 5V, and 3.3V output versions 
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IciN* 



*Ra5 



i 
i 



4 ® 



Vref 




V|N 



m™ — a 



-rfv 



BOOST 
CONTROL 



1 | 1 FEEDBACK 



rn- RJ 



RESET J__ 

TO MICROPROCESSOR 



V0UT1 

—Eh 

1 



1 

PWRl 
GND" 

— tfh 



J 



-®* 



-®- 



7-202 



3^* Micro Linear 



ML4861 



PIN CONNECTION 



ML4861-6/-5/-3 
8-Pin SOIC (S08) 



v 'n rr~ 




8 


~J~l PWRGND 


vref rv 


2 


7 


~T~l RKET 


GND fT" 


3 


6 


~n v L 


DETECT fT" 


4 


5 


~T1 VOUT 



PIN DESCRIPTION 



PIN 
NO. 



NAME 



FUNCTION 



1 


V,N 


2 


Vref 


3 


GND 


4 


DETECT 



Battery input voltage 

200mV reference output 

Analog signal ground 

Wh en this pin below Vref/ causes 
the RESET pin to go low 



PIN 
NO. 



NAME 



FUNCTION 



5 Vout Boost regulator output 

6 V|_ Boost inductor connection 

7 RESET Output goes low when regulation 

cannot be achieved or when DETECT 
goes below 200mV 

8 PWR GND Return for the NMOS output transistor 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin 7V 

Peak Switch Current, I(peak) 2A 

Average Switch Current, I(avg) 500mA 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (6j A ) 110°C/W 



OPERATING CONDITIONS 

Temperature Range 

ML4861CS-X 0°Cto+70°C 

ML4861 ES-X -20°C to +70°C 

ML4861IS-X -40°Cto+85°C 

Vim Operating Range 

ML4861CS-X 1 .0V to V OU T - 0.2V 

ML4861 ES-X, ML4861 IS-X 1 .1 V to V OU T - 0.2V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Vjn = Operating Voltage Range, T A = Operating Temperature Range. 



PARAMETER 



CONDITIONS 



MIN 



TYP. 



MAX 



UNITS 



Supply 



Vin Current 



V,n = V O ut-0.2V 



45 



55 



HA 



Vqut Quiescent Current 



10 



uA 



V L Quiescent Current 



uA 



Reference 



Output Voltage (V REF ) 



< l PIN2 < -5uA, 



190 



200 



210 



mV 



PFM Regulator 



Pulse Width (Tqn) 




9 


10 


11 


US 


Output Voltage (V ut) 
ML4861-6 
ML4861-5 
ML4861-3 


T ON = 0atV O UT(MAX), 
9us<T ON ^1^sVout(MIN) 


5.82 
4.85 
3.2 


6.0 
5.0 
3.3 


6.18 
5.15 
3.4 


V 
V 
V 


Load Regulation 

ML4861-6 


See Figure 1 

V, N = 1 .2V, Iout £ 20mA 

V, N = 2.4V, Iqut^ 95mA 


5.82 
5.82 


6.0 
6.0 


6.18 
6.18 


V 
V 


ML4861-5 


V, N = 1 .2V, Iout £ 25mA 
V, N = 2.4V, Iqut £ 135mA 


4.85 
4.85 


5.0 
5.0 


5.15 
5.15 


V 
V 


ML4861-3 


V, N = 1 .2V, Iqut £ 40mA 
V| N = 2.4V, Iqut £ 180mA 


3.2 
3.2 


3.3 
3.3 


3.4 
3.4 


V 
V 


Under-Voltage Lockout Threshold 






0.85 


0.95 


V 



RESET Comparator 



DETECT Threshold 




190 


200 


210 


mV 


DETECT Bias Current 




-100 




100 


nA 


RESET Output High Voltage (V h) 


l OH =-100uA 


Vqut- 0.2 






V 


RESET Output Low Voltage (V Q l) 


Iol = 100uA 






0.2 


V 
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ML4861 
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01 HFjZ C Vref RESET ] 

-C GND V L > 



C DETECT VoUT U T — QVpUT 



Figure 1 . Application Test Circuit 




-j- VoUT 
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Figure 2. PFM Regulator Block Diagram 
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FUNCTIONAL DESCRIPTION 

The ML4861 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. A 
PFM regulator charges a single inductor for a fixed period 
of time and then completely discharges before another 
cycle begins, simplifying the design by eliminating the 
need for conventional current limiting circuitry. 
Synchronous rectification is accomplished by replacing an 
external Schottky diode with an on-chip PMOS device, 
reducing switching losses and external component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when Vout is at or above the 
desired output voltage, drawing 45uA from Vin, and 8uA 
from Vqut through the feedback resistors R1 and R2. 
When Vout drops below the desired output level, the 
output of amplifier A1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A1 set signal 
and creates a pulse at the gate of the NMOS transistor Q1 . 
The NMOS transistor will charge the inductor L1 for 10lis, 
resulting in a peak current given by: 



'l_(PEAK) : 



T ON xV IN 



1 OjLtS X V, 



M 



(1) 



For reliable operation, L1 should be chosen so that Il(peak) 
does not exceed 2A. 

When the one-shot times out, the NMOS transistor 
releases the Vl pin, allowing the inductor to fly-back and 
momentarily charge the output through the body diode of 
PMOS transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the flip- 
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If Vout is still low, the flip-flop will immediately 
initiate another pulse. The output capacitor (C1) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 




RESET COMPARATOR 

An additional comparator is provided to detect low Vin, 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to Vref> while the non-inverting input is 
provided externall y at th e DETECT pin. The output of the 
comparator is the RESET pin, which swings from Vqut to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too low a 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 



. V IN(MIN) x T ON(MIN) x 'H 
2 x V OUT x 'OUT(MAX) 



(2) 



where r\ is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. 

For example, a two cell to 5V application requires 80mA 
of output current while using an inductor with 1 5% 
tolerance. The output current should be derated by 25% 
to 1 00mA to cover the combined inductor and ON-time 
tolerances. Assuming that 2V is the end of life voltage of a 
two cell input, Figure 4 shows that with a 2V input, the 
ML4861-5 delivers 108mA with a 27\iH inductor. 



Q(ONE SHOT) 



m k. no OFF 



Figure 3. PFM Inductor Current Waveforms and Timing. 
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Figure 4. Output Current vs Input Voltage. 



Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to 10uH the 
efficiency drops to between 70% and 75%. With 56u,H, 
the efficiency exceeds 90% and there is little room for 
improvement. At values greater than 100u.H, the operation 
of the synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. The data used to generate 
Figures 4 and 5 is provided in Table 1 . 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 



'l(PEAK) 



. T ON(MAX) x V IN(MAX) 
L MIN 



(3) 



In the two cell application previously described, a 
maximum input voltage of 3V would give a peak current 
of 1 .2A. When comparing various inductors, it is 
important to keep in mind that suppliers use different 
criteria to determine their ratings. Many use a 
conservative current level, where inductance has dropped 
to 90% of its normal level. In any case, it is a good idea to 
try inductors of various current ratings with the ML4861 to 
determine which inductor is the best choice. Check 
efficiency and maximum output current, and if a current 
probe is available, look at the inductor current to see if it 
looks like the waveform shown in Figure 3. For additional 
information, see Applications Note 29, "Choosing an 
Inductor for Your ML4861 Application/' 

Suitable inductors can be purchased from the following 
suppliers: 



Coilcraft 



(708) 639-6400 



Coiltronics (407)241-7876 
Dale (605) 665-9301 

Sumida (708) 956-0666 
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Figure 5. Typical Efficiency as a Function of V| N . 



OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 



AV OUT = 



T 2 w 2 



'ON 



V IN 



2xLxCx(V OUT -V IN ) 



(4) 



For a 2.4V input, and 5V output, a 27\iH inductor, and a 
47u,F capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 



current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR 
also has a negative effect on efficiency by contributing 
l-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 1 0Ouf , an ESR 
of less than 0.1 Q, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 



Matsuo 



(714)969-2491 



t/zr\o\ oo/i_i r\c 1 



If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 
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INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 47uJ and 100uf. This provides 
the benefits of preventing input ripple from affecting the 
ML4861 control circuitry, and it also improves efficiency 
by reducing l-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

REFERENCE CAPACITOR 

Under some circumstances input ripple cannot be 
reduced effectively. This occurs primarily in applications 
where inductor currents are high, causing excess output 
ripple due to "pulse grouping", where the charge- 
discharge pulses are not evenly spaced in time. In such 
cases it may be necessary to decouple the reference pin 
(Vref) w,tn a small 10nF to 100nF ceramic capacitor. This 
is particularly true if the ripple voltage at Vin is greater 
than 1 0OmV. 



SETTING THE RESET THRESHOLD 



To use the RESET comparator as an input voltage monitor, 
it is necessary to use an external resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values Ra and Rb can be calculated using the following 
equation: 



LAYOUT 

Good PC board layout practices will ensure the proper 
operation of the ML4861 . Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4861 

• Use short trace lengths from the inductor to the Vl pin 
and from the output capacitor to the Vqut P' n 

• Use a single point ground for the ML4861 ground pins, 
and the input and output capacitors 

A sample PC board layout is shown in Figure 6. 



TOPIAYB* 



BOTTOM IAYB* 





V IN(MIN) 



= 0.2x 



(R A +R B ) 



(5) 



The value of Rb should be 100k£2 or less to minimize bias 
current errors. Ra is then found by rearranging the 
equation: 



V IN(MIN) 



0.2 



(6) 




Figure 6. Sample PC Board Layout. 
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TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY. 

ML4861-3.3 ML4861-5.0 



V|N 


Iqut ( m A) 


EFFICIENCY PERCENTAGE 


L = 10nH 


1.0 


77.5 


69.7 


1.5 


191.7 


67.2 


2.0 


310.2 


67.8 


2.5 


409.7 


71.1 


L = 15|iH 


1.0 


58.5 


74.5 


1.5 


137.1 


75.7 


2.0 


232.1 


76.4 


2.5 


335.3 


76.9 


3.0 


405.0 


78.2 


L = 27liH 


1.0 


40.0 


81.1 


1.5 


95.4 


82.9 


2.0 


163.8 


83.6 


2.5 


242.5 


84.2 


3.0 


306.0 


85.2 


L = 56liH 


1.0 


19.5 


89.4 


1.5 


45.5 


90.9 


2.0 


79.3 


90.6 


2.5 


122.6 


91.1 


3.0 


168.3 


91.7 



V|N 


Iqut ( mA ) 


EFFICIENCY PERCENTAGE 


L = 10nH 


1.0 


45.8 


70.6 


1.5 


112.6 


74.2 


2.0 


210.7 


74.0 


2.5 


331.6 


73.0 


L = 15^iH 


1.0 


32.4 


75.7 


1.5 


85.6 


79.5 


2.0 


156.3 


80.6 


2.5 


240.2 


80.9 


3.0 


332.5 


81.2 


3.5 


432.3 


81.6 


L = 27\iH 


1.0 


20.8 


78.7 


1.5 


59.3 


83.6 


2.0 


108.6 


84.9 


2.5 


167.6 


85.6 


3.0 


236.6 


86.2 


3.5 


311.2 


86.6 


4.0 


385.4 


87.2 


4.5 


442.3 


88.0 


L = 56nH 


1.0 


11.3 


87.3 


1.5 


27.4 


89.4 


2.0 


49.8 


90.5 


2.5 


78.1 


91.2 


3.0 


112.0 


91.7 


3.5 


151.2 


92.2 


4.0 


194.2 


92.6 


4.5 


237.0 


93.1 
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TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY (Continued) 

ML4861-6.0 



V,n (V) 


•in (mA) 


Vqut (V) 


Iqut (mA) 


EFFICIENCY % 


L = 10^H 


1.0 


325.8 


5.975 


40.1 


73.5 


1.5 


524.6 


5.990 


100.0 


76.1 


2.0 


730.0 


5.995 


184.5 


75.7 


2.5 


910.8 


5.992 


284.0 


74.7 


L = 15^iH 


1.0 


220.5 


5.993 


28.5 


77.5 


1.5 


365.7 


5.981 


73.8 


80.5 


2.0 


516.7 


5.998 


139.9 


81.2 


2.5 


639.3 


5.995 j 


216.3 


81.1 


3.0 


755.1 


5.999 


305.1 


80.8 


3.5 


855.1 


5.996 


402.0 


80.5 


4.0 


916.1 


5.992 


493.0 


80.6 


L = 27liH 


1.0 


154.1 


5.992 


21.6 


84.0 


1.5 


235.7 


5.982 


50.7 


85.8 


2.0 


329.5 


5.990 


95.9 


87.2 


2.5 


404.6 


6.000 


147.5 


87.5 


3.0 


478.2 


5.995 


209.6 


87.6 


3.5 


551.0 


5.999 


281.6 


87.6 


4.0 j 


610.5 


5.997 


356.7 


87.6 


4.5 


659.9 


5.993 


434.0 


87.6 


5.0 


689.1 


5.991 


504.3 


87.7 


5.5 


665.0 


5.999 


534.7 


87.7 


L = 60nH 


1.0 


67.6 


5.977 


10.0 


88.4 


1.5 


108.8 


5.961 


24.7 


90.2 


2.0 


148.0 


5.976 


45.1 


91.1 


2.5 


186.0 


5.978 


71.2 


91.5 


3.0 


222.4 


5.973 


102.6 


91.9 


3.5 


257.2 


5.975 


138.6 


92.0 


4.0 


290.2 


5.989 


178.7 


92.2 


4.5 


321.2 


5.995 


222.7 


92.4 


5.0 


346.4 


5.997 


267.1 


92.5 


5.5 


356.1 


6.000 


302.4 


92.6 
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ORDERING INFORMATION 



PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4861CS-3 
ML4861CS-5 
ML4861CS-6 


3.3V 
5.0 V 
6.0V 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
8-Pin SOIC (S08) 


ML4861 ES-3 
ML4861ES-5 
ML4861ES-6 


3.3V 
5.0V 
6.0V 


-20°C to +70°C 
-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
8-Pin SOIC (S08) 


ML4861IS-3 
ML4861IS-5 
ML4861IS-6 


3.3V 
5.0V 
6.0V 


-40°C to +85°C 
-40°C to +85°C 
-40°C to +85°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
8-Pin SOIC (S08) 



7-212 



fi^L, Micro Linear 



M^ Micro Linear 



September 1 994 

ML4861 EVAL 



Low Voltage Boost Regulator Evaluation Kit 



GENERAL DESCRIPTION 

The ML4861 EVAL kit provides a convenient vehicle to 
evaluate the ML4861 low voltage boost regulator IC. 
The kit contains a fully assembled circuit board and all of 
the necessary documentation to quickly evaluate a 
typical application circuit. The board was designed to 
demonstrate performance and to illustrate critical layout 
practices necessary for reliable operation of the circuit. 

The ML4861 is complete solution for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
circuit is ideal in applications requiring high efficiency, 
and a minimum number of external components. 

The boost IC is capable of running with input voltages as 
low as 1 .OV and is available in four different output 
versions: a 3.3V output (ML4861-3.3), a 5.0V output 
(ML4861-5), a 6.0V output (ML4861-6), or adjustable 
output versions (ML4761 andML.4961). 



FEATURES 

■ Synchronous Rectification for High Efficiency 

■ Wide Input Voltage Range 

■ Minimal External Components 

■ Micro Power Operation 

■ Low Battery/Output Voltage Regulation Flag 

■ 3.3V, 5.0V, 6.0V, and Adjustable Output Versions 

■ Auto-Suspend Mode for Low Power Standby 
System Operation 

KIT COMPONENTS 

The evaluation package contains the following items: 

■ ML4861 EVAL User's guide 

■ ML4861 Data Sheet 

■ Application Note 29 

■ ML4861 Evaluation Board 
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FIGURE 1: ML4861 Evaluation Board Schematic 
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ML4862 



Battery Power Control IC 



GENERAL DESCRIPTION 

The ML4862 is a complete solution for DC to DC 
conversion and power management in multi-cell battery 
powered portable computers and instruments. Several 
advanced techniques are incorporated in the IC for the 
highest possible systems efficiency and lowest possible 
battery drain. 

The 5.0V and 3.3V main regulators in the ML4862 each 
controls a Synchronous Rectified buck regulator and each 
drives two N-Channel MOSFETs. This allows high 
conversion efficiencies (90% or greater). Bias for all 
N-Channel MOSFETs in the system as well as the input for 
the 12V regulator for programming EEPROMs comes from 
an auxiliary winding on the buck regulator choke. 

The ML4862 also contains 3 outputs to drive external N- 
Channel MOSFETs to power down disk drives and memory 
under control of external logic. Automatic switch-over to 
battery operation is also provided when the charger is 
removed. A uPower 5V linear regulator and low battery 
indicator are provided for the power monitoring logic. 



FEATURES 

■ Two Synchronously Rectified, 100KHz Buck 
Regulators: for 5V and 3.3V outputs 

■ Regulation to ±3% maximum; provides 2% PCMCIA 
switch matrix margin 

■ Low Cost All N-Channel MOSFET Switching 

■ Three Logic to N-Channel Gate Drive translators for 
power management 

■ LiPower 5V standby linear regulator to run power 
management logic 

■ Output and logic for N-Channel MOSFET to disconnect 
battery when charger is connected 

■ 1 2V Auxiliary output available with On/Off Control for 
E 2 memory programming 

■ Low battery detect comparator 

■ Wide Input Voltage Range (5V to 20V) 

■ Customizable Tile Array Technology - Consult factory 
for additional options 
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PIN CONFIGURATION 



ML4862 
32-Pin SOIC (S32W) 



Rt 
Vadapter 

vc5 rr~| 3 

BATTERY LOW I I | 4 

VBAT 

FDBK B I I | 6 

COMP B 1 I I 7 
ON/OFF 12 

OUT2B I I | 9 

OUT1B I I 1 10 
5VOUT 

ISENSEBfTl 12 
SW1 
SW2 

SW3 I I 1 15 

VGT I I 16 




32 | | 12V OUT 

31 zn v REF _ 

30 | | ON/OFF 

29 I I FDBK A 

28 | | COMP A 

27 I I ENABLE A 

26 I I OUT2A 

25 I I GND 

24 | | PWRGND 

23 | I OUT1A 

22 | I I V|N 

Z] IsenseA 

20 I 1 1 SOFT START 
19 J I I SOUT1 
U SOUT2 
I I SOUT3 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



1 Rj Timing Resistor which sets oscillator 

frequency 

2 Vadapter Input to sense whether adapter is 

active. When this pin is above Vbat> 
VG5 goes low. 

3 VG5 Output to drive N-Channel MOSFET 

gate to switch battery out when 
adapter is present 

4 BATTERY A logic low level indicates the voltage 
LOW on Vbat is below 2.5V. This is an 

open-collector output. 

5 Vbat Battery Comparator input 

6 FDBK B Voltage Feedback for buck regulator B 

7 COMP B Buck Regulator B frequency 

compensation terminal 

8 ON/OFF 1 2 A logic high turns on the 1 2V linear 

regulator 

9 OUT2B 5V Buck Regulator Synchronous 

Rectifier Output 

1 OUT1 B 5V Buck Regulator Switch Output 

1 1 5V OUT Output of the LiPower 5V regulator. 

Normally used to power external 
management circuits and logic 

1 2 IsenseB Current Sensing for buck regulator B 

current limit 

1 3-1 5 SW1 -3 Inputs for power management 

MOSFET gate drivers 

1 6 Vgt Boosted voltage to drive N-Channel 

gates and input to 12V linear regulator 



PIN# NAME 



FUNCTION 



17-19SOUT3-1 

20 SOFT 
START 

21 'senseA 

22 V, N 

23 OUT1A 

24 PWRGND 

25 GND 

26 OUT2A 



27 ENABLE A 

28 COMP A 

29 FDBK A 

30 ON/OFF 



31 V REF 

32 12V OUT 



MOSFET gate drive outputs for power 
management 

Connected to a soft start capacitor 

Current Sensing for buck regulator A 
current limit 

Input from Battery or AC Adapter 

3.3V Buck Regulator Switch Output 

Power Ground 

Logic and signal Ground 

3.3V Buck Regulator Synchronous 
Rectifier Output 

A logic low disables Buck Regulator 
A's Synchronous Rectifier output 

Buck Regulator A frequency 
compensation terminal 

Voltage Feedback for buck regulator A 

A low on this pin disables all IC 
functions except the low battery 
detection comparator, the linear 5V 
regulator and the 2.5V reference, and 
puts the IC into a low current 
consumption mode 

Buffered 2.5V reference output 

Output of the 1 2V linear regulator 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which the device could be 
permanently damaged. Absolute maximum ratings are stress ratings only and 
functional device operation is not implied. 

Voltage on any pin 36V 

Output Current, Source or Sink (Pins 9,10, 23, 26) 

Pulsed 300mA 

VG5 Source Current 20mA 

VG5 Sink Current 200mA 

1 2V Linear Regulator Output Current 200mA 

5V Linear Regulator Output Current 50mA 

Logic Inputs (pins 8,13,14,15,27,30) -0.3V to 5.5V 

•sense Inputs (pins 1 2 ,21 ) V, N 



Comparator Inputs (pins 2, 5) -0.3V to 5.5V 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 Sec.) +260°C 

Thermal Resistance (0j A ) Plastic SOIC 60°C/W 

OPERATING CONDITIONS 

Temperature Range 

Commercial 0°C to +70°C 

V, N Voltage Range 5.4V to 24V 

V G t Voltage Range V iN -0.5 to 35V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Ta = Operating Temperature Range, V|n = 1 2V, Vqt = 22V, R T = 200kft, I|_oad(12V) < 1 0mA. 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 


T A = 25°C 


95 


102 


105 


kHz 


Accuracy Over Temperature 




90 




110 


kHz 


Dead Time 


50kQ < R T < 300k& 


400 


800 


1000 


ns 


Maximum Duty Cycle 




90 


94 


98 


% 


Voltage Stability 


6V < V, N << 20V 




2 




% 


Error Amplifiers 


Input Offset Voltage 






2 


10 


mV 


Input Bias Current 


T A >0°C 




10 


200 


nA 


Output High Voltage 


louT = -2mA / T A = 25°C 


2.8 


2.95 




V 


Output Low Voltage 


Iout=15uA,T a = 25°C 






0.6 


V 


Source Current 


V OU T = 2.5V 


-5 


-7 




mA 


Sink Current 


Vqut = 2.5V 


10 


50 




MA 


Gain-Bandwidth Product 






675 




kHz 


High Side (OUT1) Outputs (Pins 10, 23) 


Output High Voltage 


Iqut = -20mA 


19.5 


21.3 




V 


Output Low Voltage 


Iqut = 20mA 




0.2 


0.5 


V 


Low Side (OUT2) Outputs (Pins 9, 26) 


Output High Voltage 


Iout = -20mA 


12.5 


14.4 




V 


Output Low Voltage 


Iqut = 20mA 




0.2 


0.5 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Soft Start and Current Limits (Pins 1 2, 20 21 ) 


Voltage Threshold 


From Vin 


-250 


-200 


-150 


mV 


Bias Current 


Visense = V, N - 200mV 




27 


50 


uA 


Soft Start Icharge 




-6 


-13 




uA 


Soft Start I DISCHARGE 




2 


6.2 




mA 


Reference Section 


Output Voltage 


T A = 25°C, l PIN31 =-1mA 


2.45 


2.5 


2.55 


V 


Line regulation 


5.4V < VIN < 20V, l P | N31 < -1 mA 




0.3 


2.0 


mV/V 


Total Variation 


Line, load and temp. 




7 




% 


12V Linear Regulator 


Output Voltage 


I = 60mA 


11.25 


12 


12.75 


V 


Line regulation 


16V<V GT <30V 




0.01 




%/V 


Drop Out Voltage (V gt -V ut) 


l = 10mA 




2.3 


2.7 


V 


Load regulation 


1 0uA < l < 60mA 




±1.6 


±3.2 


% 


5V Linear Regulator 


Output Voltage 


Iqut = 1 mA 


4.85 


5.0 


5.15 


V 


Input Voltage 


Vqut^ 4.85V, l Q =1mA 


6.2 






V 


Line Regulation 


5.4V < V| N < 20V, l = 1mA 




0.75 


1.5 


% 


Load Regulation 


10uA<l o <25mA 




±1.5 


±3 


% 


V BAT and V ADAPTER Comparators 


Input Bias Current 


V, N = 20V, T A > 0°C 






200 


nA 


Input Offset Voltage 








±40 


mV 


Battery Low Vol 


Iol = 200uA 






0.4 


V 


Battery Low Vqh 


30KQpullupto5V 


4.5 


5.0 




V 


VG5 Source Current 


V G5 = 12V 


-5 


-10 




mA 


VG5 Sink Current 


V G5 = 12V 


85 






mA 


Power Management Drivers (Pins 1 3-1 5, 1 7-1 9) 


Source Current 


Vsout = 10V 


-8 


-15 


-30 


uA 


Sink Current 


Vsout = 10V 


8 


15 


30 


uA 


Output High Voltage 


l SO UT = -20uA 


14.5 


15.6 




V 


Output Low Voltage 


Isout = 20uA 




0.16 


0.4 


V 


Logic Inputs (Pins 8, 1 3-1 5, 30, 27) 


Logic Low (Vjl) (except Pin 8) 


h N >-5uA 






1.1 


V 


Logic Low (V||_) Pin 8 


l, N >-5uA 






0.6 


V 


Logic High (V| H ) 


l, N >5uA 


2.5 






V 


Supply Current 


l|N + 'gT 


Sleep Mode, T A = 25°C 




115 


250 


uA 


'in 


Run Mode, T A = 25°C 




6 


10 


mA 


Igt 


Run Mode, T A = 25°C 




4 


6 


mA 
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FUNCTIONAL DESCRIPTION 



POWER DOWN MODES 

The ML4862 operates in either a powered down mode or 
a run mode according to the state of the ON/OFF pin 
(Table 1). When the ON/OFF pin is high, the IC is in the 
run mode and all IC sections are functioning. When the 
ON/OFF pin is low, the IC is in the standby mode and 
only the uPower 5V linear regulator and 2.5V reference 
are on. All gate drive outputs are low. The 5V linear 
regulator then provides the power to run the system's 
power management logic. When the BURST pin is high, 
and the output is above the lower threshold of the burst 
comparator, the IC is also in standby mode, but with the 
burst comparator logic also running. 



BUCK REGULATORS 

The two buck regulators (Figure 3) are synchronously 
rectifying voltage mode PWM regulators capable of being 
used over a wide variety of loads and input voltages. The 
use of synchronous rectification improves system 
efficiency by reducing the fixed drop associated with the 
"freewheeling" diode in conventional regulators. These 
regulators also drive all N-Channel power MOSFETs, 
significantly improving system efficiency at a low cost. 
In order to drive the MOSFET gates adequately, a V G t 
supply must be provided which is higher than the battery 
voltage by an amount sufficient to provide full 
enhancement voltage to the MOSFETs. This can be 
generated as shown below. 



TABLE 1. ML4862 POWER DOWN MODES 


MODE 


ON/OFF 


ENABLE A 


ON/OFF 12 


FUNCTION 


TOTAL SUPPLY 
CURRENT 


Sleep 





X 


X 


Micro Power 5V Reg Only 


130|iA 


12V 


1 


X 


1 


1 2V Linear Regulator on 


600uA* 


Partial 
Run 


1 








Reg. A Disabled, All Other Functions 
Running 


8mA 


Run 


1 


1 





All Functions Enabled 


10mA 



This figure represents the total quiescent current for the Bust and 

5V regulator. Actual current consumed will vary in proportion to load current. 



£ 3.5 

D 

o 







1mA 










**" 10 mA 












^25mA 

























































AAA i-W — " 




5 6 7 

V|N INPUT (V) 



Figure 1 . 5V Linear Regulator Output at low Vin 



Figure 2. Generating V GT Bias Voltage 
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Rt 



_c— vvHH-*- 



RF1 R1 C1 



Vout h-VA-f-MAr-j hQ 




3> 



BURST »- 



VREFh- + 



-D 1 





HD 



SHOOT-THRU 
PROTECTION 




■a 



~<z& 



CssJ_ 




> 




Ilim 



ISENSE I 1 



Q F2 S "CH— ^C<5USsr 



Figure 3. Buck Regulator Block Diagram 



Regulator A includes a pin which shuts down the IC and 
puts Regulator A into "Burst mode". When in "Burst 
mode" the regulator comes on when the burst comparator 
is below its lower threshold and goes off again when the 
output capacitor has charged to the burst comparator's 
upper threshold. Burst mode is useful for running the 
regulator at light modes, such as memory keep-alive or 
"suspend" mode. 



n 1 













ON 

BUCK 

REGULATOR 

A 










1 BURST 




BIAS CRTS 




J i 










-1 FDBK B 


rv 






J 

2. 


;vh 


&> 





D 



Figure 4. Burst Mode Comparator and Logic 

When burst mode is enabled the C$s discharge circuit 
(Figure 3) is disabled. C$s is floating until CS1 is enabled 
when a burst occurs. When probing the C$s pin in burst 
mode, use a high impedance probe to prevent discharge 
of the Css pin from disturbing the circuit operation. 

Selection of the external MOSFETs, output inductor and 
capacitor determine the output capabilities of the 
regulator. Output voltage is set by RF1 and RF2 where. 



w _ 2.5x(RF1 + RF2) 
VoUT" ^ 



The short circuit limit is set by external resistor R$. 



'SHORT CKT ' 



, 0.2 



(2) 



Css ' s discharged when the regulator is off or when the 
voltage across Rs exceeds 200mV. F2 ensures that Css is 
fully discharged. This circuit provides reliable output short 
circuit protection with very little power wasted in the 
sensing element. The error amplifier's output voltage is 
limited to the voltage on the SOFT START pin. When Css 
is discharged, the regulator's duty cycle is 0. 



3 

9, 



(1) 




Figure 5. Oscillator Frequency vs. Rj 



Mgk Micro Linear 



7-219 



ML4862 





























tRISE 
























tFALL 























500 1000 

LOAD CAPACITANCE (pF) 





















































tRISE,,, 


























































tFALL 



































500 1000 

LOAD CAPACITANCE (pF) 



Figure 6. OUT1 Rise and Fall Time vs. Load Qoad 



Figure 7. OUT2 Rise and Fall Time vs. Load Qoad 



ADAPTER SWITCH 

This function is provided by a comparator whose output 
(VG5) is pulled to V GT when V AD apter E oes above 2.5V. 
By connecting an N-Channel MOSFET gate to VG5, the 
system can run from the battery without the loss 
associated with a diode. When the AC adapter is plugged 
in, the voltage on pin 2 goes high, VG5 swings low, and 
the system runs from the AC adapter. This circuit functions 
in all modes of IC operation except SLEEP, when the VG5 
output goes low. 

12V LINEAR REGULATOR 

The 1 2V regulator includes a shut-off pin. To operate the 
regulator as a low drop-out regulator, a separate 1 2VBIAS 
pin is provided. If this pin is 1 .5V higher than V1 2 IN, the 
output transistor can be driven to saturation. Input for this 
regulator may come from either V|n (for high voltage 
battery packs) or from a coupled inductor winding as 
shown in Figure 8. If the low drop-out feature is not 
necessary, V1 2 BIAS can be tied to V1 2 IN. 



VlN 

r-A\V-l 




-D- 



UP- 



D1 



n-h» 



£ 



-__ VOUT 



APPLICATIONS 

BUCK REGULATOR INDUCTOR 

Inductors are specified with three main parameters; 
inductance (L), maximum current (Iout(MAX))/ an d DC 
resistance (R|_). 

Inductance for a given set of requirements can be 
calculated using the following: 



(Vin-Vout)xI- 

(2)X(I UT(MIN)) 



(3) 



In this equation, D is the duty cycle, and F is the switching 
frequency. 

Selecting the inductor value using this formula ensures 
that the inductor stays in the continuous current mode, 
and never goes discontinuous at light loads flouT(MiN))- 
This is important, as high current spikes occur and losses 
go up when operating in the discontinuous mode. 

A good rule of thumb for choosing inductor core size is to 
make sure that the maximum output current of the 
regulator doesn't exceed 80% of the maximum current 
rating of the inductor. Otherwise, core saturation may 
occur. This is especially important for ferrites, which have 
a harder saturation characteristic than powdered iron 
cores. 

In order to distribute conduction losses evenly among all 
components, the DC resistance should be selected to be 
1/4 of the sum of the RDSqn s of the power MOSFETs. 



Figure 8. Coupled Inductor to generated V12 IN 
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Core losses, which contribute significantly to overall 
efficiency losses, should be minimized by using an 
inductor designed for minimum losses at the chosen 
operating frequency. This is a function of the core 
material, and is lowest in "Kool Mu" and molyperm cores. 
Of course, efficiency and cost are often inversely related 
when it comes to magnetic materials. 

Figure 9 is a typical ML4862 Application Circuit. Table 2 
provides a bill of materials for the circuit. 



DESIGNATOR 


DESCRIPTION 


PART NUMBER 


C14,C15 


0.1 ^F, 50V (optional) 


see text 


D1 


3A, 30V Rectifier 


see text 


D2 


100mA, 50V (min) Rectifier 


1N4148 


D3-D7 


Schottky Diode 


1N5817or 
MBRS130T3 


L1 


47^H, 1A 


SumidaCRD125 


L2 


50^H, 1 .5A 


Coiltronics 
CTX05-1 1209-1 


Q1-Q4 


N-Channel Power MOSFET 


MTD10N05E 


Q5-Q7 


N-Channel Power MOSFET 


MMDF4N02 


Q8 


N-Channel Power MOSFET 


Si9410 


R10,R11 


0.02 Ohm 


see text 



Table 2. Circuit Values for Typical Application (Figure 9). 

LittleFoot is a registered trademark of Siliconix Inc. 

FREQUENCY SELECTION 

Frequency is set by the resistor Rj, which establishes the 
charge current for the internal capacitor. Since the 
discharge current is a constant, the dead time of the 
oscillator is constant, the maximum duty cycle increases 
as the oscillator frequency decreases. For low input 
voltage applications, a lower switching frequency may be 
required to maintain regulation at minimum input voltage. 

Losses are heavily comprised of AC losses from the 
switching characteristic of the power MOSFETs and 
inductor core losses. Hence, reducing the switching 
frequency may result in higher efficiencies. As inductor 
conduction losses will increase at lower frequencies (size 
goes up, hence there are more copper losses), there will 
be a point at which this effect cancels the beneficial effect 
on the AC losses and further reductions no longer increase 
efficiencies. Also, reductions in operating frequency will 
result in larger magnetics, and a larger overall supply. 



COMPENSATION 

Proper compensation is the most critical part of designing 
a working supply. The compensation network must ensure 
stability over the full range of input voltage and load 
conditions, as well as maximize the available bandwidth 
for good transient response. 

If an appreciable ESR exists such than ResrC > LC/5, then 
we can get away with adding one additional zero to the 
error amplifier's feedback network, and make use of the 
other zero created by the combination of the ESR and the 
output capacitance. We must also add an additional 
resistance in parallel with the zero we have added, this 
will give us increased bandwidth and lower the DC gain. 
Its size is determined by the gain necessary to bring the 
system to OdB at the desired crossover point. As a rule of 
thumb, this point should be no more than 1/5 the 
switching frequency. 

In cases where the ESR of the output capacitors is 
minimal, we no longer have a zero for free. 

Now, we must use a zero on the input of the error 
amplifier in addition to the zero in the feedback network. 
The parallel feedback resistor is also still required; the 
gain is now the parallel combination of the feedback zero 
resistor and this resistor. 

The internal error amplifier has an open loop gain of 90 
dB, and a single pole at 31 Hz. These must be taken into 
account in order to adequately compensate the supply. 

SEMI-STANDARD OPTIONS 

The ML4862 can be quickly and easily modified to suit 
individual customer requirements. Examples of some of 
the possible custom izations might include: 

• Reducing the number of pins, or IC cost by eliminating 
unwanted functions 

• Replacing unwanted functions with other functions 

• Putting certain external programming components on 
chip to save board space 

Please contact Micro Linear for more information on 
Semi-Standard options for the ML4862. 
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All Capacitors in pF, SchoBky Diodes are 1 N581 7 except D6, D7 which are 1 N581 8 or 1 N581 9. 



Figure 9. ML4862 Typical Application 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 10. 12V Regulator Load Regulation 
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Figure 11. Supply Current (Vin) vs. Vin Voltage 
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Figure 12. Supply Current (Vgt) vs v GT Voltage 



Figure 13. SLEEP Mode Current (V, N ) vs. V, N Voltage 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4862CS 


0°C to +70°C 


28-Pin SOIC (S28W) 
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ML4862EVAL 



Battery Power Controller Evaluation Kit 



GENERAL DESCRIPTION 

The ML4862EVAL kit provides a convenient vehicle to 
evaluate the ML4862 battery power control IC. It contains 
all of the necessary documentation with the evaluation 
board and key components to quickly evaluate the 
application circuit. The board is designed for a 11 W dual 
output power supply. However power components can be 
selected for higher or lower power applications. 

KIT COMPONENTS 

■ User's Guide 

■ ML4862 Datasheet 

■ Application Note 

■ ML4862 Sample 

■ Evaluation Board 

■ Key power semiconductor components 

■ SMD power inductors for both 5V and 3.3V outputs 

■ "Kool Mu®" toroid for inductor prototyping 



FEATURES 

■ Wide Input Range (5.5V to 25V) 

■ Dual Outputs (5V at 1 .5A and 3.3V at 1 A) 

■ Efficiency as high as 95%. 

■ Line and Load Reg better than 5% at all conditions. 

■ Output Ripple to under 50mV pk-pk. 

■ Complete Short Circuit Protection 

■ Flash Memory Program Voltage (1 2V at 1 00mA) 

■ Load switching outputs. 

■ Battery connect terminals. 



BLOCK DIAGRAM 



ADAPTOR O- 



MAIN ON/OFF o- 
12V ON/OFF O- 



LOAD1 O- 
LOAD2 O- 
LOAD3 O- 



r 



5V BUCK 

REGULATOR 

COMPONENTS 



-O 5V(1.5A) 



-O 5V(25mA) 
-O 12V (100mA) 



3.3V BUCK 
REGULATOR 
COMPONENTS 



-O 3.3V (1A) 



-O 5VLOAD2 
-O 5VLOAD3 



Kool Mu is a registered trademark of Magnetics Division, Spang and Company. 
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High Efficiency Battery Pack Converter 



GENERAL DESCRIPTION 

The ML4863 is a complete solution for DC to DC 
conversion in multi-cell battery-powered portable 
computers and instruments. The circuit is optimized for 
flyback operation to enable power conversion from 
battery packs whose input voltage varies both above and 
below the output voltage requirements. 

The ML4863 controls a synchronous rectified flyback 
regulator which drives low-cost N-Channel MOSFETs. 
This topology results high conversion efficiencies in PDAs 
and Personal Communications Devices. 

Current mode variable frequency operation is combined 
with synchronous switching to provide the highest power 
conversion efficiency over the widely varying loads 
required in today's power-managed portable computers 
(greater than 85% efficiency over a 1 mA to 1 A load range). 

The circuit has been designed to operate with a minimum 
amount of off the shelf external components, optimizing 
space and cost. A totally configured DC-to-DC converter 
requires only 6 external components. 



FEATURES 

■ Synchronous rectification for high efficiency 

■ N-Channel MOSFET drive for lowest cost 

■ Current mode, variable frequency operation for high 
efficiency over 3 decades of load current 

■ Start-up guaranteed at 3.1 5V 

■ Extended commercial temperature range 
(-20°C to 70°C) available 

■ Operates over a wide input voltage range 
(3.15V to 15V) 

■ Bootstrapped operation for improved performance with 
high impedance Alkaline or Lithium-Ion batteries 

■ High frequency operation (>200KHz) minimizes the 
size of the magnetics 

■ Over-voltage, and over-current protection on-board 

■ Active high shutdown 

■ Available in 8-pin DIP and SOIC packages 

■ Fixed 5V output and multiple output applications 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4863 
8-Pin SOIC (S08N) 



v inCE ' 

SENSE [X 2 

ON/OFF [X 3 

VOUT EE 4 



8 X] CND 

7 X] OUT2 

6 X3 OUT1 

5 XI VCC 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 


V|N 


Battery input voltage 


2 


SENSE 


Secondary side current sense 
(voltage in) 


3 


ON/OFF 


Active low (CMOS) ON 


4 


VOUT 


Feedback from transformer secondary 
output, and input voltage for IC when 
Vin > Vout 


5 


Vcc 


Internal power supply connection for 
bypass capacitor 


6 


OUT1 


Flyback primary switch driver 


7 


OUT2 


Flyback secondary switch driver 


8 


GND 


Ground 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin (except Vin) -0.3V to 7V 

Voltage on V )N 18V 

Source Current (OUT1 & OUT2) 1 A 

Sink Current (OUT1 & OUT2) 1 A 

Sink Current (Burst Mode) 1 65mA 

Junction Temperature 1 50°C 



Storage Temperature Range -60°C to +1 50°C 

Lead Temperature (Soldering 10 Sec.) +260°C 

Thermal Resistance JA ) Plastic SOIC 110°C/W 

OPERATING CONDITIONS 

Ambient Temperature Range 

ML4863CS 0°C to +70°C 

ML4863ES -20°C to +70°C 

V| N Voltage Range 3.1 5V to 1 5V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = Operating Temperature Range, Vin = 1 2V, Vqut = 5V. 



PARAMETER 



Oscillator 



Regulation 



Total Variation 



Output Drivers (3nF load) 



Power Supply 



Ico Supply Current 



Protection 



CONDITIONS 



MIN 



TYP 



Line, load, and temperature 



±2 



100 



MAX 



±3 



150 



UNITS 



On Time, Ton 


V|n = 5V,V O ut = 0V 


2.35 


2.5 


2.65 


^ 


Minimum Off Time, Tqff 


V|N = 5V,V OU T = 0V 


0.9 


1 


1.1 


[IS 



OUT1 


Rise Time, t^ 






60 


70 


ns 




Fall time, tp 






60 


70 


ns 


OUT2 


Rise Time, tR 






60 


70 


ns 




Fall Time, tp 


Continuous mode 




60 


70 


ns 




Burst mode 




125 


150 


ns 



ON/OFF Pin 












Input High Voltage, Vm 




2.0 






V 


Input Low Voltage, V|l 








0.8 


V 


Input Bias Current 


ON/OFF = 5V 




5 




uA 



uA 



Under- Voltage Lockout 


Bypass Capacitor = 1 0OnF 


2.85 


3.0 


3.15 


V 


Isc, Short Circuit Current Limit 


RSENSE = 1 0OrnQ, L = 22U.H 




2 


2.5 


A 
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FUNCTIONAL DESCRIPTION 

The ML4863 is a current mode, variable frequency 
controller with synchronous rectification. This device was 
designed primarily for use as a flyback converter in 
circuits where the user wishes to utilize 1 00% of a battery 
pack's available energy. 

Initially, the circuit generates its bias from the input 
voltage. If the output voltage rises above the input voltage, 
the circuit will switch to the output for its bias, shutting off 
the low drop-out linear regulator at Vin and turning on the 
bias network from the output pin. 

The circuit uses constant on-time pulse frequency 
modulation, and runs in the continuous or discontinuous 
current mode depending on the load current sensed 
through Rsense- 

Under-voltage lock-out, current limit, and cross- 
conduction protection are built-in. 

DESIGN CONSIDERATIONS 

CURRENT LIMIT AND MODE OF OPERATION 

Operational mode and current limit are determined by the 
current programming comparator. They are dependent on 

Rsense/ the current sense resistor on the source of the 
secondary side synchronous FET, 

L, the nominal transformer inductance, 

and Vj, the input voltage (VW. 

Rsense is determined by; 



To determine the current levels for: 



r sense : 



165mV x Mm in 



5 + M min b MAX 



Once Rsense nas Deen determined, the nominal 
transformer inductance, L, can be derived from, 

L = (25 x 10" 6 )xVi max x Rsense 



(1) 



(2) 



Three operational modes are now defined by the value of 
SENSE at the end of the off-time: discontinuous mode, 
continuous mode, and current limit. The following values 
can be used to determine the current levels of each mode: 

SENSE < 0V -» discontinuous mode 

0V < SENSE < 1 65mV -» continuous mode 

1 65mV > SENSE > 21 OmV -» current limit 



b = 



Vq + Vj 



SENSE , tQMXVj 
Rsense 2xL 



where 



V = output voltage 
t N = 2.5u.s 

and everything is defined as before. Using the values 
SENSE = 0V, SENSE = 165mV and SENSE = 21 OmV, the 
current levels for all operational modes are defined. 

DESIGN PROCEDURE 

A typical design can be implemented by using the 
following process. 

1 . Rate the application by determining 

v i MAX/ the maximum input voltage 

Vj min/ the minimum input voltage 

'o MAX/ the maximum output current 

AVquT/ the maximum output voltage ripple 

The maximum output voltage ripple must be below 
100mVpp to ensure stability. 

2. Select a sense resistor, Rsense/ using equation 1 . 

3. Determine the inductance required for optimum 
output ripple using 

L = (25 x 10- 6 )x(Vj max x Rsense) 

4. Establish the maximum allowable ESR for the output 
capacitor from 

Rfcp< AVqutxRsense 
tbK 165mV 

5. Ensure system stability (no compensation/single pole 
response) by evaluating the following equation; 

Lactual 



where 



Lactual ' s the actual worst case inductance used. 
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DESIGN EXAMPLE 

1 . Rate the application by determining 

V iM AX = 9V 

V i MIN = 3V 
b MAX = 1 A 

AV O uT=100mV 

The maximum output voltage ripple must be below 
1 0OmVPP to ensure stability. 

2. Select a sense resistor, RsensE/ 

R SENSE= i65mV x 5 =100ma 

3. Determine the inductance required for minimum 
output ripple using 

L = (25 x 1 0" 6 ) x 9V x 1 0Omft = 22u,H 



4. Establish the maximum allowable ESR for the output 
capacitor from 



*ESR 



< 100mVx100mQ =61mQ 
165mV 



5. Ensure system stability (no compensation/single pole 
response) by evaluating the following equation using 
20% (typical inductance variation) for AL; 



AV, 



OUT' 



, 100mVp P x22u.H 
22uJH(1-0.2) 



125mQ 



This design is shown in Figure 1 . Figure 2 is the 
application circuit for an output of 2 A at 5V. 



V|N = 3to13V 



47|iF 




400ilF 



*Coiltronix CTX 22-4 



Figure 1 . Design Example 



4 — ^Ay^ — j 



V| N = 3to13V 



100nF 



r 




80<>nF 



ih!C 



"DALE LPE6562 100MB 



-AM—] 



Figure 2. 5V, 2A Circuit 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4863CS 
ML4863ES 


0°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08N) 
8-Pin SOIC (S08N) 
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LCD Backlight Lamp Driver with Contrast 



GENERAL DESCRIPTION 

The ML4864 is a complete solution for controlling small 
cold cathode fluorescent tubes (CCFL) used in liquid 
crystal display (LCD) backlight applications. It provides 
the dimming ballast control combined with a contrast 
control for the LCD display. 

The ML4864 is optimized for portable applications where 
high efficiency is critical to maximize battery life. The 
high efficiency is achieved by using a switching regulator 
in a buck configuration that feeds an inverter driver. The 
inverter uses a self synchronizing scheme with zero 
voltage switching for the lowest possible losses. The 
complete system implementation can be easily realized 
with standard off the shelf power components, including 
the magnetics. 

A positive or negative contrast control voltage is generated 
with a separate flyback output. A unique feature of the 
ML4864 is that this contrast control voltage can remain 
active even though the main lamp driver circuit is disabled. 
It has a duty cycle adjustment range from 0% to 95%. 

All of the regulators on the chip are synchronized to the 
inverter frequency to eliminate the ghosting and flicker 
common to asynchronous circuits. 



The ML4864 is available in very small form factor 
package (20-pin SSOP) making it ideal for hand held 
portable applications. 

The ML4864 is designed using Micro Linear's Tile Array 
methodology. Customized versions of this IC, optimized to 
specific applications can be made available. Contact 
Micro Linear or an authorized representative for more 
information. 

FEATURES 

■ Backlight Lamp Ballast and Contrast Control 

■ Low Standby Current (<300liA) 

■ Contrast Voltage is Active with Lamp Driver Disabled 

■ Improved Efficiency («95%) 

■ Allows All N-Channel MOSFET Drive 

■ Positive or Negative Contrast Control Voltage 

■ Driven Self-Timing Resonant Lamp Architecture 

■ Low Switching Losses 

■ Zero Voltage Switching 

■ Buck Regulator uses Synchronous Rectification 
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PIN CONFIGURATION 



MU864 
20-Pin SSOP (R20) 



FEAOUT f"T~ 


1 


20 


T1 FILIM 


fea-q: 


2 


19 


TT BOFF 


fea+q: 


3 


18 


~T) BON 


rtq: 


4 




T1 GND 


VREF Q~ 


5 


16 


T1 LGATE2 


l him n~ 


6 




~T\ ON/OFF 


LEA-n: 






T1 LGATE1 


LEA OUT nr 


8 




T~3 VDD 


ctCE 


9 


12 


"XI FGATE 


izcrHT 


10 




T1 B SYNC OUT 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



1 FEA OUT 



2 FEA- 



3 FEA+ 



RT 
VREF 



6 L ILIM 



LEA- 



8 


LEA OUT 


9 


CT 


10 


LZCR 



Output of flyback (contrast) error 
amplifier. External compensation 
capacitor connects between this pin 
and FEA-. 

Negative input of the flyback (contrast) 
error amplifier. Connects to the center 
point of the voltage divider that sets 
the contrast voltage. 

Positive input of flyback (contrast) 
error amplifier. Connects to ground 
through an offset compensating 
resistor. 

Oscillator timing resistor. 

Voltage reference output. The bottom 
or return connection for the voltage 
divider that sets the contrast voltage. 

Current limit resistor connection. This 
resistor sets the current limit to protect 
lamp driver MOSFET pair. 

Negative input of the lamp error 
amplifier. 

Output of lamp error amplifier. 
External compensation capacitor 
connects between this pin and B EA-. 

Oscillator timing capacitor. 

Zero crossing detector input. Connects 
to primary center tap of the output 
transformer. 



PIN# NAME 



FUNCTION 



1 1 B SYNC Output of MOSFET driver. Connects to 
OUT switch device. 

1 2 F GATE Connects to gate of MOSFET in 

primary side of contrast control. 

13 VDD Positive power 5 volt input. 

1 4 LGATE 1 Output of MOSFET driver. Connects to 

gate of one side of output MOSFET 
pair. 

15 ON/OFF Chip enable. 

1 6 LGATE 2 Output of MOSFET driver. Connects to 

gate of one side of output MOSFET 
pair. 

17 GND Circuit and power common. 

1 8 B ON Drives the primary of the pulse 

transformer that supplies the bootstrap 
voltage for the synchronous rectifier 
device. 

1 9 B OFF Output of MOSFET driver. Connects to 

gate of device that disables the input 
power. 

20 F ILIM Current limit resistor connection. This 

resistor sets the current limit to protect 
the flyback MOSFET. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current (Ice) 75mA 

Output Current, Source or Sink DC 250mA 

Voltage on Pins 1-9, 11-20 -0.3V to VDD + 0.3V 

Current into Pin 10 ±10mA 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (6ja) 
Plastic SSOP 100°C/W 



OPERATING CONDITIONS 

Temperature Range 

ML4864C 0°C to 70°C 

ML4864E -20°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, VDD = 5V ±5%, T A = -20°C to 70°C, R T = 82K, C T = 47pF (Note 1 ) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


LAMP DRIVER SECTION 


Error Amplifier 


Open Loop Gain 




50 


60 




dB 


Offset Voltage 




-15 




+15 


mV 


Output High 


'load = 5uA 


2.8 


3.0 




V 


Output Low 


I LO ad = 25uA 




0.4 


0.7 


V 


Bandwidth (-3dB) 






1 




MHz 


Common Mode Range 




-0.3 




VREF 


V 


Input Bias Current 






50 


100 


nA 


Output Drivers 


Output High - B SYNC OUT, B OFF 


VDD = 5V,I LO ad = 12mA 


4.625 


4.8 




V 


Output Low - B SYNC OUT, B OFF 


'load= 12mA 




200 


375 


mV 


Rise Time - B SYNC OUT, B OFF 


C L OAD = 100pF 




20 


50 


ns 


Fall Time - B SYNC OUT, B OFF 


Q_OAD = 100pF 




20 


50 


ns 


Output High - B ON 


VDD = 5V,I LO ad = 12mA 


4.625 


4.8 




V 


Output Low - B ON 


'load = 50mA 




200 


375 


mV 


Fall Time - B ON 


Cload = 2400pF, Note 2 




45 


80 


ns 


Oneshot 


Pulse Width 




100 


150 


200 


ns 


Delay Timer 


Delay Time 




20 


35 


55 


ns 


Current Limit Comparator 


Current Thrp«;hnlrl 




ISO 


200 


220 


mV 


Input Bias Current 


Vlilim = 0.1V 




10 


100 


nA 


Propagation Delay 






125 


250 


ns 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


FLYBACK REGULATOR SECTION 


Error Amplifier 


Open Loop Gain 




60 


70 




dB 


Offset Voltage 




-15 




+15 


mV 


Output High 


'load = 5uA 


2.8 


3.0 




V 


Output Low 


Iload = 25nA 




0.4 


0.7 


V 


Bandwidth (-3dB) 






1 




MHz 


Common Mode Range 




-0.3 




VREF 


V 


Input Bias Current 






50 


100 


nA 


Output Drivers 


Output High - F GATE 


VDD = 5V, l LO AD = 12mA 


4.625 


4.8 




V 


Output Low - F GATE 


Iload = 12mA 




200 


375 


mV 


Rise Time - F GATE 


Cload100 P F 




20 


50 


ns 


Fall Time -F GATE 


Cload = 100 P F 




20 


50 


ns 


HIGH VOLTAGE INVERTER SECTION 


Oscillator 


Nominal Frequency 




68 


80 


92 


KHz 


Discharge Current 


V C t = 2V 


500 


700 


900 


uA 


Peak Voltage 






2.5 


2.7 


V 


Valley Voltage 




0.8 


1 


1.2 


V 


Output Drivers 


Output High -LGATE 1,2 


VDD = 5V, I L oad = 12mA 


4.625 


4.8 




V 


Output Low - L GATE 1 , 2 


•load = 50mA 




200 


375 


mV 


Rise Time - L GATE 1 , 2 


C L OAD = 1000pF 




20 


50 


ns 


Fall Time -L GATE 1,2 


C L OAD = 1000pF 




20 


50 


ns 


Zero Crossing Detector 


Threshold 




0.75 


1.1 


1.45 


V 


Hysteresis 




250 


500 


750 


mV 


Under Voltage Detector 


Start Up Threshold 




3.8 


4.2 


4.4 


V 


Hysteresis 




150 


300 


450 


mV 


Logic Interface (ON/OFF) 


V,H 




2.0 






V 


V|L 








0.5 


V 


Input Bias Current 






1 


25 


uA 


Current Limit Comparator 


Current Threshold 




180 


200 


220 


mV 


Input Bias Current 


Vfilim = 0.1V 




10 


100 


nA 


Propagation Delay 






125 


250 


U5 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



BIAS SECTION 



VDD Supply Current 


ON/OFF = "1" 




400 


600 


uA 


VDD Current 


ON/OFF = "0" 




200 


300 


uA 


VREF Load Regulation 


Ivref = 25uA 




10 


20 


mV 


VREF Output Voltage 


T A = 25° 


2.47 


2.5 


2.53 


V 


VREF Output Voltage 




2.465 


2.5 


2.535 


V 


VREF Line Regulation 






20 


30 


mV 



Note 1 : Limits are guaranteed by 1 00% testing, sampling, or correlation with worst case test conditions. 
Note 2: Actual load is 1 200pF. The 2:1 transformer reflects an effective 2400pF. 
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FUNCTIONAL DESCRIPTION 

The ML4864 consists of a PWM regulator, a lamp driver/ 
inverter, a flyback regulator, and control circuits. This IC, 
in conjunction with external components, converts a DC 
battery voltage into the high voltage and high frequency 
AC signal required to start and drive miniature cold 
cathode florescent lamps. In addition it generates the DC 
voltage for the contrast requirements of LCD screens. A 
typical application circuit is shown in figure 1 . Please refer 
to application note 24 for detailed application information 
beyond what is presented here. 

Note: Please read the Power Sequencing section below 
prior to using the ML4864. 

LAMP DRIVER 

The lamp driver, sometimes referred to as a lamp inverter, 
is comprised of a PWM regulator and a Royer type 
inverter circuit to drive the lamp. The PWM regulator, in a 
buck configuration, controls the magnitude of the lamp 
current to provide the dimming capability. Figure 2 shows 
a simplified circuit to more easily illustrate the operation 
of the circuit. 



f 



ATEl 



COUT 



COUT 



1J 



Figure 2. Simplified Lamp Driver Circuit. 

Due to the presence of the buck inductor, L1, the circuit 
shown in figure 2 is essentially a current fed parallel 
loaded resonant circuit. Lm is the primary inductance of 
the output transformer, T1, which tunes with the resonant 
capacitor CR to set the resonant frequency of the inverter. 
The oscillator frequency is always set lower than the 
natural resonant frequency to ensure synchronization. The 
current source lc models the current through the buck 
inductor L1 . 

The MOSFETs, Q1 and Q2 are alternately turned on with 
a constant 50% duty cycle signal (L GATE! , L GATE2) at 
one-half the frequency of the oscillator. In this way each 
transistor pulses, or excites, the resonant tank on each half 
cycle. The combination of these two signals appear across 
the primary winding of the output transformer as a 
sinusoidal waveform. This voltage is multiplied by the 
step-up onus icuiun of ihe output transformer and 
impressed across the lamp. 



The output transitions are controlled by feedback through 
the L RTD pin by sensing the voltage at the center tap of 
the output transformer. Each time this signal reaches the 
minimum resonant threshold detection point an internal 
clock pulse is generated to keep the system synchronized. 
Figure 3 shows some of these representative waveforms at 
the important nodes of the circuit. 
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Figure 3. Operating Waveforms 
of the Lamp Driver Section. 

The PWM regulator is comprised of a MOSFET Q3, 
inductor L1, and the gate control and drive circuitry as 
shown in figure 1 . A signal with a constant pulse width of 
150ns is applied to the primary of the 2:1 pulse 
transformer T2, rectified by diode D1 , and used to charge 
the gate capacitance of Q3, thereby turning it on. The turn 
off is controlled by discharging this capacitance through 
MOSFET Q4. The pulse width of the signal on the gate of 
Q4 (B OFF) varies according to the amplitude of the 
feedback signal on LEA- which is proportional to the AC 
current flowing in the lamp. This feedback signal is 
developed across resistor R4 which is in series with the 
lamp. The lamp current, and therefore brightness, is 
adjusted by varying the voltage applied to R2, at the 
brightness adjust control point. Increasing this voltage 
decreases the brightness. 
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CONTRAST CONTROL GENERATOR 

The contrast voltage generator is a separate regulator in a 
flyback configuration. In conjunction with the external 
transformer (T3), MOSFET (Q5), diode (D2), and assorted 
capacitors and resistors, it provides an adjustable DC 
output contrast voltage necessary to drive LCD screens. 
The voltage is adjusted by controlling the voltage applied 
to R3, at the contrast adjustment point. 

The contrast voltage can be made either positive or 
negative simply by changing the connection of the 
external components.. The schematic shown in figure 1 is 
connected for a negative voltage. Please refer to 
application note 24 for the circuit connection for a 
positive output voltage. 

OSCILLATOR 

The frequency of the oscillator in the ML4864 is set by 
selecting the values of RT and CT. 

LOGIC CONTROL 

The ML4864 is controlled by a logic input, ON/OFF. A 
logic level high on the ON/OFF pin enables just the lamp 
driver. A logic zero on the ON/OFF pin disables the lamp 
driver only. 



POWER SEQUENCING 

It is important to observe correct power and logic input 
sequencing when powering up the ML4864. The 
following procedure must be observed to avoid damaging 
the device. 

1 . Apply the VDD voltage. 

2. Apply a logic high to the ON/OFF input. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4864CR 


0°C to +70°C 


Molded SSOP (R20) 


ML4864ER 


-20°C to +70°C 


Molded SSOP (R20) 
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LCD Backlight with Contrast Evaluation Kit 



GENERAL DESCRIPTION 

The ML4864 is a cold cathode fluorescent lamp (CCFL) 
controller featuring and dimming control and contrast 
voltage generation. It is commonly used to power the 
entire LCD display found in many handheld instruments. 
This evaluation board enables the designer to explore the 
capabilities of the circuit for a current or upcoming 
design. 

The printed circuit board uses surface mount components 
for space efficiency with two adjustment potentiometers 
provided for controlling lamp intensity and contrast 
voltage levels. 



FEATURES 

■ Operates over a 5.0 to 20V supply range 

■ Efficiency greater than 90% 

■ Negative contrast voltage output (0 to -20V) 

■ Capable of driving lamp to greater than 5VV 

■ Low profile, high Density PC board layout 

KIT COMPONENTS 

■ ML4864 User's guide 

■ ML4864 Data Sheet 

■ A fully functional evaluation board 

■ Application Notes 26 and 32 

■ Miniature Fluorescent Lamp 

■ PCB Layout Gerber File 
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High Voltage High Current Boost Regulator 



GENERAL DESCRIPTION 



FEATURES 



The ML4865 is a high voltage, continuous conduction 
boost regulator designed for DC to DC conversion in 
multiple cell battery powered systems. Continuous 
conduction allows the regulator to maximize output 
current for a given inductor. The maximum switching 
frequency can exceed 200kHz, allowing the use of small, 
low cost inductors. The ML4865 is capable of start-up 
with input voltages as low as 1 .8V and is available in 
1 5V and 1 2 V output versions with output voltage 
accuracy of ±3%. 

Unlike regulators using external Schottky diodes, the 
ML4875 isolates the load from the battery when the 
SHDN pin is high. This is accomplished by an integrated 
synchronous rectifier which eliminates the need for an 
external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4865 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies approaching 90%. 



Guaranteed full load start-up and operation at 
1 .8V input 

Continuous conduction mode for high output current 

Very low supply current (25liA output referenced) for 
micropower operation 

Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

Maximum switching frequency > 200kHz 

Minimum external components 

Low ON resistance internal switching FETs 

1 5V and 1 2V output versions 



The circuit also contains a RESET output which goes low 
when the DETECT input drops below 1 .25V. 
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PIN CONFIGURATION 



ML4865-5/-2 
8-Pin SOIC (S08) 



DETECT [~T~ 




8 


~T1 VoUT 


shdn nx~ 


2 




"O RESET 


VlNfT" 


3 


6 


~n v L2 


vli n~ 


4 


5 


T~l GND 



PIN DESCRIPTION 


PIN 

NO. NAME 


FUNCTION 


PIN 
NO. 


NAME 


FUNCTION 


1 DETECT 

2 SHDN 

3 V, N 

4 V L1 


Pulling this pin below 1 .25V causes 
the RESET pin to go low 

Pulling this pin to Vjn, through an 
external resistor shuts down the 
regulator, isolating the load from the 
input 

Battery input voltage 

Boost inductor connection 


5 
6 

7 

8 


GND 
V L2 


Ground 

Boost inductor connection 


RESET 
v OUT 


Output goes low when DETECT goes 
below 1 .25V 

Boost regulator output 



ORDERING INFORMATION 


PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4865ES-2 
ML4865ES-5 


12.0V 
15.0V 


-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
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ML4866 



3.3V Output DC-DC Step-Down Converter 



GENERAL DESCRIPTION 

The ML4866 is a fully monolithic high efficiency (>90%), 
pulse width modulated (PWM) buck regulator. The device 
switches at 1 20kHz and uses synchronous rectification to 
optimize power conversion efficiency. Unlike other 
solutions, the ML4866 requires no external diodes or FETs. 

Designed for use in systems using mixed-voltages (5V and 
3.3V) or in portable computing equipment designed with 
3.3V ICs, the ML4866 can provide up to 750mA of output 
current at 3.3V. The circuit operates over an input voltage 
range of 3.5V to 6.5V (3 to 4 AA batteries in series or a 5V 
DC supply). 

A complete 3.3V, 750mA switched mode power converter 
can be quickly and easily implemented with few external 
components. Power conversion efficiency of this DC-DC 
converter can exceed 90% over more than 2 decades of 
output current loading. 



Stability and fast loop response are provided by current 
programming and a patented current sense circuit. Under- 
voltage lockout and soft start are also built in. 

FEATURES 

■ High Power Conversion Efficiency (>90%) over more 
than 2 decades of load current 

■ Minimal external components required 

■ Works down to 3.5V input 

■ Extends battery life up to 30% over linear regulator 
based solutions 

■ Micropower operation (Iq < 350|iA) 

■ Shutdown quiescent current (I$d < 20uA) 

■ No external FETs or diodes required 



The device also has a SHDN pin for use in systems which 
have power management control. In shutdown mode, the 
circuit uses less than 20uA of input current. 
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PRELIMINARY 

ML4868 



High Frequency, Low Voltage Boost Regulator 



GENERAL DESCRIPTION 

The ML4868 is a high frequency boost regulator designed 
for DC to DC conversion in 2 to 3 cell battery powered 
systems. The maximum switching frequency can exceed 
1 50kHz, allowing the use of small, low cost inductors. 
The ML4868 is capable of start-up with input voltages as 
low as 1 V and is available in 5V and 3.3V output versions 
with an output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4868 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies in excess of 90%. 



The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage, or when the DETECT input drops below 200mV. 



FEATURES 

■ Maximum switching frequency > 150kHz 

■ Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

■ Minimum external components 

■ Low ON resistance internal switching FETs 

■ Micropower operation 

■ 5V and 3.3V output versions 
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PIN CONNECTION 



ML4868-5/-3 
8-Pin SOIC (S08) 


vin rr 


1 


8 


~T~) PWRCND 


VrefIT" 


2 




~0 RESET 


GND [~1~ 


3 


6 


"T1 VL 


DETECT rr~ 


4 


5 


HZ! VoUT 




TOP VIEW 





ML4868 



PIN DESCRIPTION 



PIN 
NO. 



NAME 



FUNCTION 



1 


V|N 


Battery input voltage 


2 


Vref 


200mV reference output 


3 


GND 


Analog signal ground 


4 


DETECT 


When this pin below Vrff/ causes 
the RESET pin to go low 



PIN 
NO. 



NAME 



FUNCTION 



5 Vqut Boost regulator output 

6 Vl Boost inductor connection 

7 RESET Output goes low when regulation 

cannot be achieved or when DETECT 
goes below 200mV 

8 PWR GND Return for the NMOS output transistor 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin 7V 

Peak Switch Current, I(peak) 2A 

Average Switch Current, I(avG) 500mA 

Junction Temperature 150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 



Thermal Resistance (6ja) 
Plastic SOIC 110°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4868CS-X 0°C to +70°C 

ML4868ES-X -20°C to +70°C 

ML4868IS-X -40°C to +85°C 

V| N Operating Range 

ML4868CS-X 1 .0V to V OU T -0.2V 

ML4868ES-X, ML4868IS-X 1 .1 V to Vqut -0.2V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Vjn = Operating Voltage Range, T^ = Operating Temperature Range. 


PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


Supply 


Vin Current 


V, N = Vqut -0.2 V 




45 


55 


uA 


Vqut Quiescent Current 






8 


10 


UA 


Vl Quiescent Current 








1 


uA 


Reference 


Output Voltage (V REF ) 


< lp| N2 < -5uA, 


190 


200 


210 


mV 


PFM Regulator 


Pulse Width (T ON ) 




2.5 


3 


3.5 


LIS 


Output Voltage (Vqut) 
ML4868-5 
ML4868-3 


T O N = 0atV O uT(MAX), 

2.5lis < Tqn ^ 3.5u.s Vqut(MIN) 


4.85 
3.2 


5.0 
3.3 


5.15 
3.4 


V 
V 


Load Regulation 

ML4861-5 


See Figure 1 

V| N = 2.4V, Iqut^ 25mA 


4.85 


5.0 


5.15 


V 


ML4861-3 


V| N = 2.4V, l O UT^40mA 


3.2 


3.3 


3.4 


V 


Under-Voltage Lockout Threshold 






0.85 


0.95 


V 


RESET Comparator 


DETECT Threshold 




190 


200 


210 


mV 


DETECT Bias Current 




-100 




100 


nA 


RESET Output High Voltage (Vqh) 


I O h = -100uA 


Vqut-0.2 






V 


RESET Output Low Voltage (Vql) 


Iql = 1 00uA 






0.2 


V 



7-246 



MaL Micro Linear 



ML4868 



Vino- 



■XT 



iooufT 



0.1 \ifr 



27\lH 
(Sumida CD75) 



ML4868 



Vin PWR GND "} 
{IVref RESET ] 

CCND Vl3 

C DETECT VoUT 3 



100uFp 



-OVoUT 



•out 



Figure 1 . Application Test Circuit 
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FUNCTIONAL DESCRIPTION 

The ML4868 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and external 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when Vqut ' s a t or above the 
desired output voltage, drawing 45uA from V| N , and 8liA 
from Vqut through the feedback resistors R1 and R2. 
When Vout drops below the desired output level, the 
output of amplifier A1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A1 set signal 
and creates a pulse at the gate of the NMOS transistor Q1 . 
The NMOS transistor will charge the inductor L1 for 3lis, 
resulting in a peak current given by: 



'l(PEAK) 



: T ON xV IN , , 3LISXV |N 



(D 



For reliable operation, L1 should be chosen so that Il(peak) 
does not exceed 2A. 

When the one-shot times out, the NMOS transistor 
releases the Vl pin, allowing the inductor to fly-back and 
momentarily charge the output through the body diode of 
PMOS transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the flip- 
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If Vqut is still low, the flip-flop will immediately 
initiate another pulse. The output capacitor (C1) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 




RESET COMPARATOR 

An additional comparator is provided to detect low Vin, 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to Vref> while the non-inverting input is 
provided external ly at th e DETECT pin. The output of the 
comparator is the RESET pin, which swings from Vqut to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too low a 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 



_ V lN(MIN) X T ON(MIN) x 'H 
2xV OUT XloUT(MAX) 



(2) 



where r\ is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. 

For example, a two cell to 5V application requires 25mA 
of output current while using an inductor with 1 5% 
tolerance. The output current should be derated by 25% 
to 31 mA to cover the combined inductor and ON-time 
tolerances. Assuming that 2V is the end of life voltage of a 
two cell input, Figure 4 shows that with a 2V input, the 
ML4868-5 delivers 34mA with a 22jiH inductor. 



Q(ONE SHOT) 



Figure 3. PFM Inductor Current Waveforms and Timing. 
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Figure 4. Output Current vs Input Voltage. 
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Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is closely 
related to inductor value. This illustrates the need to keep 
the inductor value as high as possible to attain peak 
system efficiency. With 22\iH, the efficiency exceeds 90% 
and there is little room for improvement. At values greater 
than 39u,H, the operation of the synchronous rectifier 
becomes unreliable because the inductor current is so 
small that it is difficult for the control circuitry to detect. 
The data used to generate Figures 4 and 5 is provided in 
Table 1 . 

Figures 4 and 5 also show that efficiency and output 
current fall off at low input voltages. This is caused by 
propagation delays in the synchronous rectifier control 
circuitry that degrade performance when the discharge 
time is less than 1 u.s. Although it is possible to operate the 
ML4868 from a single cell, other devices in the Micro 
Linear product line will provide much better performance 
in this type of application. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 



, _ T ON(MAX) x V 1N(MAX) 

'L(PEAK) j 

L MIN 



(3) 



In the two cell application previously described, a 
maximum input voltage of 3V would give a peak current 
of 560mA. When comparing various inductors, it is 
important to keep in mind that suppliers use different 
criteria to determine their ratings. Many use a 
conservative current level, where inductance has dropped 
to 90% of its normal level. In any case, it is a good idea to 
try inductors of various current ratings with the ML4868 to 
determine which inductor is the best choice. Check 
efficiency and maximum output current, and if a current 
probe is available, look at the inductor current to see if it 
looks like the waveform shown in Figure 3. For additional 
information, see Applications Note 29, "Choosing an 
Inductor for Your ML4861 Application/' 

Suitable inductors can be purchased from the following 
suppliers: 



Coilcraft 



(708) 639-6400 



Coiltronics (407)241-7876 
Dale (605) 665-9301 

Sumida (708) 956-0666 



OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 



AV, 



OUT" 



T ON xV IN 



2xLxCx(V OUT -V IN ) 



(4) 



For a 2.4V input, and 5V output, a 22|xH inductor, and a 
22uJ capacitor, the expected output ripple due to 
capacitor value is 20mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
l-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 1 0OuJ, an ESR 
of less than 0.112, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
supplier: 

Sprague (603)224-1961 

If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 

INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 22uJ and 47u.F. This provides the 
benefits of preventing input ripple from affecting the 
ML4868 control circuitry, and it also improves efficiency 
by reducing l-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

REFERENCE CAPACITOR 

Under some circumstances input ripple cannot be 
reduced effectively. This occurs primarily in applications 
**'he r e inductor currents arc high, causing excess output 
ripple due to "pulse grouping", where the charge- 
discharge pulses are not evenly spaced in time. In such 
cases it may be necessary to decouple the reference pin 
(Vref) with a small 10nF to 100nF ceramic capacitor. This 
is particularly true if the ripple voltage at Vin is greater 
thanlOOmV. 
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SETTING THE RESET THRESHOLD 



To use the RESET comparator as an input voltage monitor, 
it is necessary to use an external resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values Ra and Rg can be calculated using the following 
equation: 



, ( r a+ r b) 



(5) 



The value of Rb should be 1 0OkQ or less to minimize bias 
current errors. Ra. is then found by rearranging the 
equation: 



LAYOUT 

Good PC board layout practices will ensure the proper 
operation of the ML4868. Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4868 

• Use short trace lengths from the inductor to the V L pin 
and from the output capacitor to the Vqut P m 

• Use a single point ground for the ML4868 ground pins, 
and the input and output capacitors 



fv, 



IN(MIN) 



0.2 



(6) 



TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY. 



ML4868-3.3 



ML4868-5.0 



Vin (V) 


l| N (mA) 


•out ( mA ) 


EFFICIENCY % 


L = 22^H 


1.0 


41.7 


10.1 


79.9 


1.5 


72.6 


29.2 


88.5 


2.0 


109.2 


59.8 


90.4 


2.5 


139.9 


96.8 


91.3 


3.0 


168.4 


141.3 


92.3 


L = 10|iH 


1.0 


75.1 


15.9 


69.9 


1.5 


136.4 


51.0 


82.3 


2.0 


200.1 


103.2 


85.1 


2.5 


311.6 


198.6 


84.1 


3.0 


297.5 


235.7 


87.1 



V,n (V) 


l|N (mA) 


Iqut (mA) 


EFFICIENCY % 


L = 22|iH 


1.0 


30.7 


2.7 


44.0 


1.5 


65.5 


16.2 


82.4 


2.0 


95.9 


33.7 


87.9 


2.5 


133.0 


59.8 


89.9 


3.0 


163.8 


89.4 


91.0 


3.5 


194.5 


124.8 


91.7 


4.0 


224.1 


165.4 


92.3 


4.5 


247.7 


207.4 


93.0 


L = 10flH 


1.0 


54.5 


3.4 


31.2 


1.5 


124.4 


28.0 


75.0 


2.0 


183.3 


60.1 


82.0 


2.5 


248.8 


105.1 


84.5 


3.0 


317.5 


163.1 


85.6 


3.5 


454.8 


270.7 


85.0 


4.0 


573.0 


386.6 


84.3 


4.5 


459.9 


364.9 


88.2 



ORDERING INFORMATION 



PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4868CS-3 
ML4868CS-5 


3.3V 
5.0V 


0°C to +70°C 
0°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 


ML4868ES-3 
ML4868ES-5 


3.3V 
5.0V 


-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 


ML4868IS-3 
ML4868IS-5 


3.3V 
5.0V 


-40°C to +85°C 
-40°C to +85°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
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ML4871 



High Current Boost Regulator 



GENERAL DESCRIPTION 



FEATURES 



The ML4871 is a continuous conduction boost regulator 
designed for DC to DC conversion in multiple cell battery 
powered systems. Continuous conduction allows the 
regulator to maximize output current for a given inductor. 
The maximum switching frequency can exceed 200kHz, 
allowing the use of small, low cost inductors. The 
ML4871 is capable of start-up with input voltages as low 
as 1 .8V and is available in 5V and 3.3V output versions 
with output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4871 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies approaching 90%. 

The circuit also contains a RESET output which goes low 
when the DETECT input drops below 1 .25V. 



Guaranteed full load start-up and operation at 
1 .8V input 

Continuous conduction mode for high output current 

Very low supply current (1 5liA output referenced) for 
micropower operation 

Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

Maximum switching frequency > 200kHz 

Minimum external components 

Low ON resistance internal switching FETs 

5V and 3.3V output versions 
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PIN CONFIGURATION 



ML4871 



ML4871-5/-3 
8-Pin SOIC (S08) 



vli rr 


1 


8 


~T~I PWRGND 


VinQC 


2 




~T~I Reset 


GND | [~ 


3 


6 


~T~l v L2 


DETECT rr~ 


4 


5 


ZD VOUT 



PIN DESCRIPTION 



PIN 
NO. 


NAME 


FUNCTION 


1 


Vli 


Boost inductor connection 


2 


V,n 


Battery input voltage 


3 


GND 


Analog signal ground 


4 


DETECT 


Pulling this pin below 1 .25V 
causes the RESET pin to go low 



PIN 
NO. 



NAME 



V OUT 

V L 2 

RESET 



FUNCTION 



8 PWR GND 



Output of the Boost Regulator 

Boost inductor connection 

Output goes low when DETECT 
goes below 1 .25V 

Return for the NMOS output 
transistor 



ORDERING INFORMATION 



PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4871ES-3 
ML4871ES-5 


3.3V 
5.0 V 


-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
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ML4872 



High Current Boost Regulator with Shutdown 



GENERAL DESCRIPTION 



FEATURES 



The ML4872 is a continuous conduction boost regulator 
designed for DC to DC conversion in multiple cell battery 
powered systems. Continuous conduction allows the 
regulator to maximize output current for a given inductor. 
The maximum switching frequency can exceed 200kHz, 
allowing the use of small, low cost inductors. The 
ML4872 is capable of start-up with input voltages as low 
as 1 .8V and is available in 5V and 3.3V output versions 
with output voltage accuracy of ±3%. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4872 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies approaching 90%. 

The SHDN input allows the user to stop the regulator from 
switching and powers down the control circuitry. 



■ Guaranteed full load start-up and operation at 
1.8V input 

■ Continuous conduction mode for high output current 

■ Very low supply current (1 5fxA output referenced) for 
micropower operation 

■ Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

■ Maximum switching frequency > 200kHz 

■ Minimum external components 

■ Low ON resistance internal switching FETs 

■ 5V and 3.3V output versions 
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PIN CONFIGURATION 



ML4872-S/-3 
8-Pin SOIC (S08) 



Vn CH 




8 


~~0 PWRGND 


vin n~ 


2 




ZD N/C 


cnd rr~ 


3 


6 


T~l v L2 


shdn rr~ 


4 




~T~1 VOUT 



PIN DESCRIPTION 



PIN 
NO. 



NAME 



FUNCTION 



1 Vu Boost inductor connection 

2 Vin Battery input voltage 

3 GND Analog signal ground 

4 SHDN Pulling this pin to V| N through an 

external resistor causes the 
regulator to stop switching, and 
powers down the control circuitry 



PIN 
NO. 



NAME 



FUNCTION 



5 Vqut 

6 V L2 

7 N/C 

8 PWR GND 



Output of the Boost Regulator 

Boost inductor connection 

No connection 

Return for the NMOS output 
transistor 



ORDERING INFORMATION 



PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4872ES-3 
ML4872ES-5 


3.3V 
5.0V 


-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
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ML4873 



Battery Power Control IC 



GENERAL DESCRIPTION 

The ML4873 is a complete solution for DC to DC 
conversion and power management in multi-cell battery 
powered portable computers and instruments. Several 
advanced techniques are incorporated in the IC for the 
highest possible system efficiency and lowest battery 
drain. 

The 5.0V and 3.3V main regulators in the ML4873 each 
control Synchronous Rectified buck regulators and drive 
N-Channel MOSFETs. This allows high conversion 
efficiencies (90% or greater). The drive for the upper 
N-Channel MOSFETs in the system is provided via a 
separate input from a charge pump. 

A special "burst mode" for efficient low current operation 
is provided on one of the regulators for suspend mode. 

A low drop-out 12V linear regulator for programming 
EEPROMs or PCMCIA is provided on chip with a separate 
input, provided by either a winding on the main inductor 
or from the battery pack. 

A LiPower 5V linear regulator is provided for the power 
monitoring logic. The IC can be turned off with only the 
5V regulator operating. 



FEATURES 

■ Two synchronously rectified, 100kHz buck regulators 
for 5V and 3.3V outputs 

B Regulation to ±3% maximum: provides 2% PCMCIA 
switch matrix margin. 

■ N-channel MOSFET drive for lowest cost 

■ Burst mode for efficient operation at light load 

■ LiPower 5V standby linear regulator for power 
management logic 

■ 1 2V low drop out linear regulator with high output (to 
300mA) capability 

■ Automatic charger disconnect switch comparator and 
N-channel driver 

■ Wide input voltage range (5.5V to 30V) 

■ 28-Lead SOIC or SSOP packages 
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PIN CONFIGURATION 



ML4873 
28-PinSOIC (S28VV) 
or 28-Pin SSOP (R28) 



12V OUT IT" 




28 


~T~1 Vref 


rtDZ 


2 


27 


~~ ["I ON/OFF 


Vadapter 1 1 


3 


26 


T] FDBK A 


burst rr~ 


4 


25 


~T~1 COMP A 


12VBASE|~X~ 


5 


24 


""O V12IN 


FDBK B fT~ 


6 


23 


~~T~l OUT2A 


COMP B rx~ 




22 


ZED cnd 


OUT2B f~J~ 


8 


21 


~X~| PWRGND 


OUT1B fT~ 


9 


20 


~T~| OUT1A 


LIN OUT j~T~ 


10 


19 


~n vin 


IsenseB 1 1 


11 


18 


1 1 IsenseA 


ON/OFF 12 f~l~ 


12 


17 


"XI SOFT START 


VG5f~P 


13 


16 


~T~1 ENABLE B 


12V BIAS ["I" 


14 


15 


T1VCT 



PIN DESCRIPTION 



PIN# NAME 



FUNCTION 



PIN# NAME 



FUNCTION 



1 1 2V OUT 1 2V Low Drop-Out regulator output 

2 Ry Timing Resistor which sets oscillator 

frequency 

3 Vadapter Input to sense whether adapter is 

active. VG5 goes high when this pin is 
above Vref. 

4 BURST A logic 1 sets Buck Regulator A into 

burst mode (see table 1 ) 

5 1 2V BASE Connection to increase 1 2V regulator 

output current with external NPN pass 
transistor 

6 FDBK B Voltage Feedback for buck regulator B 

7 COMP B Buck Regulator B frequency 

compensation terminal 

8 OUT2B 3.3V Buck Regulator Switch Output 

9 OUT1 B 3.3V Buck Regulator Synchronous 

Rectifier Output 

10 LIN OUT Output of the LiPower 5V regulator. 

Normally used to power external 
management circuits and logic 

1 1 IsenseB Current Sensing for buck regulator B 

Current limit 

1 2 ON/OFF 1 2 A logic 1 turns on the 1 2V regulator 

1 3 VG5 Output to drive N-Channel MOSFET 

gate to switch battery out when 
adapter is present 



14 1 2V BIAS Bias supply for 1 2V Regulator 

1 5 Vqt N-Channel high side gate drive 

1 6 ENABLE B A logic 1 enables buck regulator B 

1 7 SOFT START Soft Start Capacitor 

1 8 IsenseA Current Sensing for buck regulator A 

current limit 

1 9 Vin Input from Battery or AC Adapter 

20 OUT1 A 3.3V Buck Regulator Switch Output 

21 PWRGND Power Ground 

22 GND Logic and signal Ground 

23 OUT2A 3.3V Buck Regulator Synchronous 

Rectifier Output 

24 V1 2 IN Power Input for the 1 2V regulator 

25 COMP A Buck Regulator A frequency 

compensation terminal 

26 FDBK A Voltage Feedback for buck regulator A 

27 ON/OFF A low on this pin disables all IC 

functions except the linear 5V 
regulator and the 2.5V reference, and 
puts the IC onto a low current 
consumption mode 

28 Vref Buffered 2.5V reference output 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin 36V 

Output Current Source or Sink (Pins 8, 9, 20, 23) 

Pulsed 300mA 

VC5 Source Current 20mA 

VG5 Sink Current 200mA 

12V Linear Regulator Output Current 200mA 

5V Linear Regulator Output Current 50mA 

Inputs (Pins 3, 4, 1 2, 1 6, 27) -0.3 to 5.5V 

'sense Inputs (Pins 11, 18) V )N 

Junction Temperature 1 50°C 



Storage Temperature Range -65°C to + 1 50°C 

Lead Temperature (Soldering 10 Sec.) +260°C 

Thermal Resistance (9j A ) Plastic SOIC 70°C/W 

Thermal Resistance (8j A ) Plastic SSOP 80°CAV 

OPERATING CONDITIONS 

Temperature Range 

Commercial 0°C to +70°C 

V| N Voltage Range 5.4V to 30V 

V GT Voltage Range V iN -0.5 to 35V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, T A = Operating Temperature Range, V IN = 12V, V12 IN = 14V, V CT = 22V, R T = 200KQ 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Oscillator 


Initial Accuracy 




95 


100 


105 


KHz 


Dead Time 


50K < R T < 300K 


600 


800 


1000 


ns 


Maximum Duty Cycle 




90 




97 


% 


Voltage Stability 


6V < V| N < 20V 




2 




% 


Error Amplifiers 


Input Offset Voltage 






2 


10 


mV 


Input Bias Current 






10 


200 


nA 


Output High Voltage 


Iout = -2mA 


2.7 


2.95 




V 


Output Low Voltage 


Iout = 20uA 






0.5 


V 


Source Current 


V OU T = 2.5V 


-5 


-7 




mA 


Sink Current 


V OU T=2.5V 




500 




uA 


Gain Bandwidth Product 






675 




KHz 


High Side (Out 1) Outputs (Pins 9, 20) 


Output High Voltage 


Iout = -20mA 


19 


21.3 




V 


Output Low Voltage 


Iout = 20mA 




0.2 


0.5 


V 


Low Side (Out 2) Outputs (Pins 8, 23) 


Output High Voltage 


Iout = -20mA 


10 


13 




V 


Output Low Voltage 


Iout = 20mA 




0.2 


0.5 


V 


Soft Start and Current Limit (Pins 1 1 , 1 7, 1 8) 


Voltage Threshold 


From V|N 


-250 


-200 


-150 


mV 


Bias Current 


Visense = V, N -200mV 




27 


75 


uA 


Soft Start Icharge 




-10 


-13 


-20 


HA 


Soft Start I DISCHARGE 




3 


6.2 




mA 
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ELECTRICAL CHARACTERISTICS 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Burst Regulator 


Start Threshold 






Vref-25 




mV 


Stop Threshold 






Vref + 25 




mV 


Reference 


Output Voltage 


T A = 25 o C / lp, N2 8 = -100uA 


2.45 


2.5 


2.55 


V 


Line Regulation 


5.4V < V| N < 20V, lp| N2 8 ^ -mA 




0.3 


1.2 


mV/V 


1 2V Linear Regulator 


Output Voltage 


l = 60mA 


11.5 


12 


12.5 


V 


Line Regulation 


14V<V12IN<24V 




0.01 




%/V 


Drop Out Voltage (VI 2 IN - 1 2V OUT) 


l = 60mA 




0.4 




V 


Load Regulation 


1 OuA < l < 60mA 




0.8 


2.5 


% 


5V Linear Regulator 


Output Voltage 


I O ut = 100uA 


4.8 


5.0 


5.2 


V 


Input Voltage 


Vqut ^ 4.85V, l = 1 mA 


5.5 






V 


Line Regulation 


5.4V < V| N < 20V, l = 1 mA 




0.75 


1.5 


% 


Load Regulation 


10u.A<l o < 10mA 




0.25 


0.5 


% 


Vadapter Comparator 


Input Bias Current 








100 


nA 


Input Offset Voltage 




-30 




+30 


mV 


VG5 Source Current 


V V G5 = 12V 


-5 


-10 




mA 


VG5 Sink Current 


V V G5 = 12V 


85 






mA 


Logic Inputs (Pins 4, 1 2, 1 6, 27) 


Logic Low (V|l) 


l )N >-5uA 






1.1 


V 


Logic High (V| H ) 


l, N >5uA 


2.5 






V 


Supply Current 


IVIN + IVGT 


Sleep Mode, T A = 25°C 




190 


250 


uA 


IVIN + IVGT 


Bust Mode, T A = 25°C 




250 




uA 


'VIN 


Run Mode, T A = 25°C 




7 


10 


mA 


IVGT 


Run Mode, T A = 25°C 




2 


4 


mA 
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FUNCTIONAL DESCRIPTION 



POWER DOWN MODES 

The ML4873 operates in either a powered down mode or 
a run mode according to the state of the ON/OFF pin 
(Table 1). When the ON/OFF pin is high, the IC is in the 
run mode and all IC sections are functioning. When the 
ON/OFF pin is low, the IC is in the standby mode and 
only the jxPower 5V linear regulator and 2.5V reference 
are on. All gate drive outputs are low. The 5V linear 
regulator then provides the power to run the system's 
power management logic. When the BURST pin is high, 
and the output is above the lower threshold of the burst 
comparator, the IC is also in standby mode, but with the 
burst comparator logic also running. 



BUCK REGULATORS 

The two buck regulators (Figure 3) are synchronously 
rectifying voltage mode PWM regulators capable of being 
used over a wide variety of loads and input voltages. The 
use of synchronous rectification improves system 
efficiency by reducing the fixed drop associated with the 
"freewheeling" diode in conventional regulators. These 
regulators also drive all N-Channel power MOSFETs, 
significantly improving system efficiency at a low cost. 
In order to drive the MOSFET gates adequately, a Vgt 
supply must be provided which is higher than the battery 
voltage by an amount sufficient to provide full 
enhancement voltage to the MOSFETs. This can be 
generated as shown in figure 2. 



TABLE 1. ML4873 POWER DOWN MODES 


Mode 


On/Off 


Enable B 


Burst 


Function 


Total Supply 
Current 


Sleep 





X 


X 


Micro Power 5V Reg Only 


130uA 


Suspend 


1 


X 


1 


Buck Reg A in Burst Mode 5V Reg on 


250uA* 


Partial 
Run 


1 








Reg. B Disabled, All Other Functions 
Running 


8mA 


Run 


1 


1 





All Functions Enabled 


10mA 



This figure represents the total quiescent current for the Bust and 

5V regulator. Actual current consumed will vary in proportion to load current. 



£ 3.5 
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1mA 
















^10mA 










^25 mA 
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Figure 1. 5V Linear Regulator Output at low V )N 



Figure 2. Generating Vgt Bias Voltage 
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Figure 3. Buck Regulator Block Diagram 



Regulator A includes a pin which shuts down the IC and 
puts Regulator A into "Burst mode". When in "Burst 
mode" the regulator comes on when the burst comparator 
is below its lower threshold and goes off again when the 
output capacitor has charged to the burst comparator's 
upper threshold. Burst mode is useful for running the 
regulator at light modes, such as memory keep-alive or 
"suspend" mode. 



CH 



CH 




ON 

BUCK 

REGULATOR 

A 



2.5V |— + 



Figure 4. Burst Mode Comparator and Logic 

When burst mode is enabled the Css discharge circuit 
(Figure 3) is disabled. Css Is floating until CS1 is enabled 
when a burst occurs. When probing the Css P' n m Durst 
mode, use a high impedance probe to prevent discharge 
of the Css P' n fro™ disturbing the circuit operation. 

Selection of the external MOSFETs, output inductor and 
capacitor determine the output capabilities of the 
regulator. Output voltage is set by RF1 and RF2 where. 



v 2.5x(RF1-fRF2) 

UUI RF2 



(1) 



The short circuit limit is set by external resistor R$. 



•short ckt 



02 
Rs 



(2) 



Css ' s discharged when the regulator is off or when the 
voltage across Rs exceeds 200mV. F2 ensures that Css ' s 
fully discharged. This circuit provides reliable output short 
circuit protection with very little power wasted in the 
sensing element. The error amplifier's output voltage is 
limited to the voltage on the SOFT START pin. When Css 
is discharged, the regulator's duty cycle is 0. 



9 
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Figure 5. Oscillator Frequency vs. Rj 
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Figure 6. OUT1 Rise and Fall Time vs. Load Qoad 



Figure 7. OUT2 Rise and Fall Time vs. Load Qqad 



ADAPTER SWITCH 

This function is provided by a comparator whose output 
(VG5) is pulled to Vgt when Vadapter 8 oes above 2.5V. 
By connecting an N-Channel MOSFET gate to VG5, the 
system can run from the battery without the loss 
associated with a diode. When the AC adapter is plugged 
in, the voltage on pin 3 goes high, VG5 swings low, and 
the system runs from the AC adapter. This circuit functions 
in all modes of IC operation except SLEEP, when the VG5 
output goes low. 

12V LINEAR REGULATOR 

The 1 2V regulator includes a shut-off pin. To operate the 
regulator as a low drop-out regulator, a separate 12VBIAS 
pin is provided. If this pin is 1 .5V higher than V12 IN, the 
output transistor can be driven to saturation. Input for this 
regulator may come from either Vjn (for high voltage 
battery packs) or from a coupled inductor winding as 
shown in Figure 8. If the low drop-out feature is not 
necessary, V12 BIAS can be tied to V12 IN. 



V|N 




r-Wr-l 



*f- 



D1 
— \B/ 



ZZ Vout 

— ®- 



APPLICATIONS 

BUCK REGULATOR INDUCTOR 

Inductors are specified with three main parameters; 
inductance (L), maximum current (Iout(max))/ an d DC 
resistance (R[_). 

Inductance for a given set of requirements can be 
calculated using the following: 



(Vin-Vout)x 



(2)x(IquT(MIN)) 



(3) 



In this equation, D is the duty cycle, and F is the switching 
frequency. 

Selecting the inductor value using this formula ensures 
that the inductor stays in the continuous current mode, 
and never goes discontinuous at light loads (Iout(MIN))- 
This is important, as high current spikes occur and losses 
go up when operating in the discontinuous mode. 

A good rule of thumb for choosing inductor core size is to 
make sure that the maximum output current of the 
regulator doesn't exceed 80% of the maximum current 
rating of the inductor. Otherwise, core saturation may 
occur. This is especially important for ferrites, which have 
a harder saturation characteristic than powdered iron 
cores. 

In order to distribute conduction losses evenly among all 
components, the DC resistance should be selected to be 
1/4 of the sum of the RDSqn s of the power MOSFETs. 



Figure 8. Coupled Inductor to generated V12 IN 
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Core losses, which contribute significantly to overall 
efficiency losses, should be minimized by using an 
inductor designed for minimum losses at the chosen 
operating frequency. This is a function of the core 
material, and is lowest in "Kool Mu" and molyperm cores. 
Of course, efficiency and cost are often inversely related 
when it comes to magnetic materials. 

FREQUENCY SELECTION 

Frequency is set by the resistor Ry, which establishes the 
charge current for the internal capacitor. Since the 
discharge current is a constant, the dead time of the 
oscillator is constant, the maximum duty cycle increases 
as the oscillator frequency decreases. For low input 
voltage applications, a lower switching frequency may be 
required to maintain regulation at minimum input voltage. 

Losses are heavily comprised of AC losses from the 
switching characteristic of the power MOSFETs and 
inductor core losses. Hence, reducing the switching 
frequency may result in higher efficiencies. As inductor 
conduction losses will increase at lower frequencies (size 
goes up, hence there are more copper losses), there will 
be a point at which this effect cancels the beneficial effect 
on the AC losses and further reductions no longer increase 
efficiencies. Also, reductions in operating frequency will 
result in larger magnetics, and a larger overall supply. 



COMPENSATION 

Proper compensation is the most critical part of designing 
a working supply. The compensation network must ensure 
stability over the full range of input voltage and load 
conditions, as well as maximize the available bandwidth 
for good transient response. 

If an appreciable ESR exists such that ResrC > LC/5, then 
we can get away with adding one additional zero to the 
error amplifier's feedback network, and make use of the 
other zero created by the combination of the ESR and the 
output capacitance. We must also add an additional 
resistance in parallel with the zero we have added, this 
will give us increased bandwidth and lower the DC gain. 
Its size is determined by the gain necessary to bring the 
system to OdB at the desired crossover point. As a rule of 
thumb, this point should be no more than 1/5 the 
switching frequency. 

In cases where the ESR of the output capacitors is 
minimal, we no longer have a zero for free. 

Now, we must use a zero on the input of the error 
amplifier in addition to the zero in the feedback network. 
The parallel feedback resistor is also still required; the 
gain is now the parallel combination of the feedback zero 
resistor and this resistor. 

The internal error amplifier has an open loop gain of 90 
dB, and a single pole at 31 Hz. These must be taken into 
account in order to adequately compensate the supply. 
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TYPICAL PERFORMANCE CHARACTERISTICS 
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Figure 9. 1 2V Regulator Load Regulation 
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Figure 10. Supply Current (Vj N ) vs. V| N Voltage 







-WC^* * 






25 C^^<*^*^ 









10 15 

Vgt VOLTAGE 



£ 140 

















-40TO125°C>' 























10 15 

Vin VOLTAGE 



Figure 11 . Supply Current (Vgt) vs Vgt Voltage 



Figure 12. SLEEP Mode Current (V iN ) vs. Vin Voltage 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4873CS 


0°C to +70°C 


28-PIN SOIC (S28W) 


ML4873CR 


0°C to +70°C 


28-PIN SSOP (R28) 
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ML4873EVAL 



Battery Management IC Evaluation Kit 

GENERAL DESCRIPTION 



The ML4873 evaluation board provides a convenient tool 
for demonstrating the performance and efficiency of this 
battery management IC. 

This board is designed to demonstrate the ML4873 in a 12 
W buck DC to DC converter circuit. If other power levels 
and /or operating conditions are desired, modifications 
can easily be made to accommodate them. 

Operating from a wide input range, 5.5V to 1 8V; this 
board is designed to provide a 3.3V and a 5V output that 
can deliver up to 1 .5A, a 1 2 V linear regulator output that 
can provide 25 mA, and a 5 V linear output that can 
provide 25 mA. The chosen switching frequency is 
100kHz. Efficiency can be as high as 94% with an input 
voltage of 6 V. Output ripple voltage was designed to be 
50 mV pk - pk max., and line and load regulation are 
designed to be no more than ±5%. 

The full schematic of this board is shown in Figure 1 . An 
additional winding was added to the 3.3V inductor to 
provide the biasing necessary for the 12 V linear regulator. 
As logic level FETs are used, an additional winding is 
added to the 3.3V inductor to provide the necessary 
additional 5 V of enhancement. 



As the output capacitors are three paralleled surface 
mount tantalums, the ESR is very low (measured to be 
about 0.05 ohm). A double zero compensation scheme is 
used in order to provide the necessary 45 degrees of 
phase margin. 

FEATURES 

■ High efficiency synchronous rectification 

■ Surface mount construction for minimum size/parasitics 

■ Enable and burst mode selectable via dip switches 

■ 3.3V, 5VV output and 5V, 7.5VV output 

KIT COMPONENTS 

■ ML4873EVAL board with one ML4873 

■ ML4873 Data Sheet 

■ Applications Note 37 
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'SENSE*! 



IsenseB i 
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Rsa 
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HOW TO OPERATE 

1) Set all DIP switches to logic low. 

2) Connect a small, separate 5V supply to the supply pin 
for the DIP switches. 

3) Connect a power supply capable of delivering 2A to 
Vin. Set it for 1 2 V just for initialization of the system. 

4) With both supplies turned on and all DIP switches in 
the off position, check to see if Vref (P' n 25) and linear 
5V outputs are functional. 

5) If all is well with Vref ar| d the linear regulator, turn the 
"On/Off" DIP switch to the on position and verify that 

6) Turn on the DIP switch to verify that regulator B is 
working, once again, with an adequate load. Next, 
check the 1 2V linear regulator as well. 
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LCD Backiight Lamp Driver 



GENERAL DESCRIPTION 

The ML4874 is an ideal solution for driving small cold 
cathode fluorescent tubes (CCFL) used in liquid crystal 
display (LCD) backlight applications. It provides the 
dimming ballast control for the LCD display. 

By utilizing differential drive the ML4874 can deliver the 
same light output with significantly less input power 
compared to existing single ended drive schemes. 
Improvements as high as 30% can be realized when using 
low power lamps and advanced LCD screen housings. 
This increased light output is achieved because the 
differential drive configuration is much less sensitive, and 
therefore less power is wasted in the capacitive parasitics 
that exist in the backlight housing. An additional benefit of 
this configuration is an even distribution of light. 

The ML4874 is optimized for portable applications where 
high efficiency is critical to maximize battery life. The 
high efficiency is achieved by a resonant scheme with 
zero voltage switching. The complete system, including 
the magnetics, can be easily realized with standard off the 
shelf power components. 



All of the regulators on the chip are synchronized to the 
inverter frequency to eliminate the ghosting and flicker 
common to asynchronous circuits. 

The ML4874 is available in very small form factor 
package (20 pin SSOP) making it ideal for hand held 
portable applications. 

FEATURES 

■ Backlight Lamp Driver with Differential Drive 

■ Up to 30% Lower Power for Same Light Output 

■ Low Standby Current (< 1 OliA) 

■ Improved Efficiency («95%) 

■ Allows All N-Channel MOSFET Drive 

■ Low Switching Losses 

■ Resonant Threshold Detection 

■ Buck Regulator uses Synchronous Rectification 



BLOCK DIAGRAM 



B SYNC OUT 

R- 



vref|T| 



ON/OFF 




NOTE: FOR 16 PIN VERSION L ILM AND 
LEA- ARE COMMON, PGND AND GND 
ARE COMMON, AZR IS NOT AVAILABLE. 
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PIN CONFIGURATION 



ML4874 
20-Pin SSOP (R20) 



NC(J 




20 


T1 BOFF 


azr rr 


2 


19 


T] BON 


SS CAP |~f~ 


3 


18 


"T~l GND 


rtq: 


4 


17 


"Tl PGND 


VREF [J2 


5 


16 


T1 L GATE 2 


l IUM n~ 


6 


15 


Tl ON/OFF 


lea-q: 




14 


Tl LGATE1 


lea out nr 


8 


13 


~T1 VDD 


CTfT 


9 


12 


Tl HVDD 


LRTD [X 


10 


11 


Tl B SYNC OUT 



ML4874 
16-Pin SOIC(S1 6) 



SSCAP n~ 

rtq: 

VREF fT 

LEA-/L IUM [J~ 

LEA OUT fT 

CTH 

LRTD [X 

B SYNC OUT [X 




Tl BOFF 
~T~] BON 
Tl GND/PGND 
~f~| LGATE2 
Tl ON/OFF 
Tl LGATE1 
Tl VDD 
~[~i HVDD 



PIN DESCRIPTION 

PIN# * NAME DESCRIPTION 



PIN# * NAME 



DESCRIPTION 



1 N/A NC 

2 N/A AZR 

3 1 SS CAP 



4 


2 


RT 


5 


3 


VREF 


6 


4 


LILIM 


7 


4 


LEA- 


8 


5 


LEA OUT 


9 


6 


CT 


10 


7 


LRTD 



This pin should be left open. 

Connection to gate of external FET 
for high voltage regulator. Internally a 
zener diode to ground. 

Connection of optional external soft 
start capacitor. 

Oscillator timing resistor. 

Voltage reference output. 

Input to current limit amplifier. 

Negative input for lamp error 
amplifier. 

Output of lamp error amplifier. 
External compensation capacitor 
connects between this pin and LEA. 

Oscillator timing capacitor. 

Input to resonant threshold detector. 



11 8 BSYNC 

OUT 

12 9 HVDD 

13 10 VDD 

14 11 LGATE1 

15 12 ON/OFF 

16 13 LGATE2 

17 14 PGND 

18 14 GND 

19 15 BON 

20 16 BOFF 



Output of MOSFET driver to gate of 
synchronous FET catch diode. 

Battery power input to linear 
regulator. 

Output of linear regulator. Positive 
power for IC. 

Output of MOSFET driver. 
Connection to gate of one side of 
inverter FET drive pair. 

Logic input for chip 

Output of MOSFET driver. 
Connection to gate of one side of 
inverter FET drive pair. 

Power ground 

Signal ground. 

Connection to primary side of gate 
pulse transformer. 

Output of MOSFET driver. 
Connection to gate of FET that 
disables the input power. 



* Fori 6-Pin SOIC version. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functionai 
device operation is not implied. 

Supply Current (Ice) 75mA 

Output Current, Source or Sink 250mA 

Voltage on Pins* 1-9, 11, 13-20 -0.3V to VDD +0.3 V 

Voltage on Pin 12 20V 

Current into Pin* 10 ±10mA 

Junction Temperature 1 50°C 



Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (0 JA ) Plastic SSOP 100°C/W 

*N!ctc: P;n vcsignat.cr; .or 20-p;r; SSOP. For 1 C-pin SO!C piease refci to pin 
configuration on previous page. 

OPERATING CONDITIONS 

Temperature Range 

ML4874C 0°C to +70°C 

ML4874E -20°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, VDD = 5V ±5%, T A = -20°C to 70°C, CT = 47pF (Note 1) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


CURRENT REGULATOR SECTION 


Error Amplifier 


Open Loop Gain 




60 


70 




dB 


Bias Point 


Closed loop 


0.18 


0.2 


0.22 


V 


Output High 


l|_OAD=5uA 


2.8 


3.0 




V 


Output Low 


'load = 25uA 




0.4 


0.7 


V 


Bandwidth (-3dB) 






1 




MHz 


Input Voltage Range 




-0.3 


0.2 


VREF 


V 


Input Bias Current 






50 


100 


nA 


Soft Start Charge Current 


V SS CAP=1V 


300 


500 


700 


nA 


Soft Start Threshold (LEA OUT) 


V S SCAP=1V 


2 




2.5 


V 


Current Limit Comparator 


Current Threshold 




450 


500 


550 


mV 


Input Bias Current 


V L |LM = 0.1V 




50 


100 


nA 


Propagation Delay 


(Note 2) 




150 


250 


ns 


Output Drivers 


Output High - B SYNC OUT, B OFF 


VDD = 5V, I LO ad= 12mA 


4.625 


4.8 




V 


Output Low - B SYNC OUT, B OFF 


'load= 12mA 




0.2 


0.375 


V 


Rise & Fall time - B SYNC OUT, B OFF 


Cload = 100 P F 




20 


50 


ns 


Output High - B ON 


VDD = 5V,I LO ad = 12mA 


4.625 


4.8 




V 


Output Low - B ON 


'load = 50mA 




0.2 


0.375 


V 


Fall Time -BON 


Cload = 2400pF (Note 2) 




45 


80 


ns 


ONE SHOT Pulse Width 




100 


150 


200 


ns 


DELAY TIMER Delay Time 




20 


35 


55 


ns 



7-270 



tf^. Micro Linear 



ML4874 



ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


HIGH VOLTAGE INVERTER SECTION 


Oscillator 


Nominal Frequency 




68 


80 


92 


kHz 


Discharge Current 


V CT = 2V 


500 


700 


900 


uA 


Peak Voltage 




2.3 


2.5 


2.7 


V 


Valley Voltage 




0.8 


1 


1.2 


V 


Output Drivers 


Output High -L GATE 1,2 


VDD = 5V,I LO ad = 12mA 


4.625 


4.8 




V 


Output Low - L GATE 1 , 2 


•load = 50mA 




0.2 


0.375 


V 


Rise & Fall Time -L GATE 1,2 


C L OAD = 1000pF 




20 


50 


ns 


Resonant threshold Detector 


Threshold 




0.75 


1.1 


1.45 


V 


Hysteresis 




250 


500 


750 


mV 


Lamp Out Detect 


Threshold 




16 


18 


20 


V 


Under Voltage Detector 


Start Up Threshold 




3.8 


4.1 


4.4 


V 


Hysteresis 




150 


300 


450 


mV 


Logic Interface (On/Off) 


VIH 




2.5 






V 


VIL 








0.5 


V 


Input Bias Current 


On/Off =3V 




10 


25 


uA 


Linear Regulator Section 


Aux Zener Reference Voltage (AZR) 


l AZR =10uA 


7.4 


7.9 


8.4 


V 


Regulator Voltage (VDD) 


HVDD = 12V 


4.75 


5.0 


5.35 


V 


Regulator Source Current 


External to device 




10 




mA 


Drop Out Voltage 


•hvdd = 1 m A 




30 


90 


mA 


Drop Out Voltage 


'hvdd = 5mA 




125 


275 


mA 


HVDD Input Voltage Range 




5 




18 


V 


Bias Section 


VDD Supply Current 


On/Off = "1 ", no load 




375 


450 


uA 


VDD Supply Current 


On/Off = "0", HVDD = 12V 




1 


10 


uA 


VREF Load Regulation 


'LOAD = 25uA 




10 


20 


mV 


VREF Output Voltage 


T A = 25°C 


2.47 


2.5 


2.53 


V 


VREF Line Regulation 






20 


30 


mV 


VREF Line, Load, Temp 




2.465 


2.5 


2.535 


V 



Note 1 : Limits are guaranteed by 1 00% testing, sampling or correlation with worst case test conditions. 
Note 2: Actual load is 1 200pF. The 2:1 transformer reflects an effective 2400pF. 
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5T018V» "- 



-| K-n U2-B OR ^ 




I 
r 4r 


BSYNC 






JLRTD 

Ep-— 



100|iH 






R6 

4.3K 

-A/vV 



COS 




39pbh 



jJ: EA -"fo.047^F 1-6M 

7J * — * — W\ <BRIGHTNESS 



ADJUST 



♦NOTE: USED FOR INPUT VOLTAGES 
GREATER THAN 18 VOLTS 



Figure 1 . Typical Application Schematic for the ML4874 
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FUNCTIONAL DESCRIPTION 

The ML4874 consists of a PWM regulator, a lamp driver/ 
inverter, a linear regulator and control circuits. This IC, in 
conjunction with external components, converts a DC 
battery voltage into the high voltage and high frequency 
AC signal required to start and drive miniature cold 
cathode fluorescent lamps. A typical application circuit is 
shown in figure 1 . Please refer to Application Note 32 for 
detailed application information beyond what is presented 
here. 

Note: Please read the Power Sequencing section below 
prior to using the ML4874. 

LAMP DRIVER 

The lamp driver, sometimes referred to as a lamp inverter, 
is comprised of a PWM regulator and a Royer type 
inverter circuit to drive the lamp. The PWM regulator, in a 
buck configuration, controls the magnitude of the lamp 
current to provide the dimming capability. Figure 2 shows 
a simplified circuit to more easily illustrate the operation 
of the circuit. 

Due to the presence of the buck inductor, L1 , the circuit 
shown in figure 2 is essentially a current fed parallel 
loaded resonant circuit. Lm is the primary inductance of 
the output transformer, T1 , which tunes with the resonant 
capacitor Cr to set the resonant frequency of the inverter. 
The oscillator frequency is always set lower than the 
natural resonant frequency to ensure synchronization. The 
current source IC models the current through the buck 
inductor L1 . 




Figure 2. Simplified Lamp Driver Circuit 

The MOSFETs, Q3 and Q4 are alternately turned on with 
a constant 50% duty cycle signal (L GATE1 , L GATE2) at 
one-half the frequency of the oscillator. In this way each 
transistor pulses, or excites, the resonant tank on each half 
cycle. The combination of these two signals appear across 
the primary winding of the output transformer as a 
sinusoidal waveform. This voltage is multiplied by the 
step-up turns ratio of the output transformer and 
impressed across the lamp. 



The output transitions are controlled by feedback through 
the L RTD pin by sensing the voltage at the center tap of 
the output transformer. Each time this signal reaches the 
minimum resonant threshold detection point an internal 
clock pulse is generated to keep the system synchronized. 
Figure 3 shows some of these representative waveforms at 
the important nodes of the circuit. 



c /VWW\ 
- JUUUUI 
... rLTLTl 



DRAIN-Q4 



DRAIN-Q3 



SOURCE OF 
U2-A 




(1MUUL 



Figure 3. Operating Waveforms of the 
Lamp Driver Section 

The PWM regulator is comprised of a MOSFET (U2-A), 
inductor L1, and the gate control and drive circuitry as 
shown in figure 1 . A signal with a constant pulse width of 
1 50nS is applied to the primary of the 2:1 pulse 
transformer T2, rectified by diode D1, and used to charge 
the gate capacitance of U2-A, thereby turning it on. The 
turn off is controlled by discharging this capacitance 
through MOSFET Q2. The pulse width of the signal on the 
gate of Q2 (B OFF) varies according to the amplitude of 
the feedback signal on LEA- which is proportional to the 
ac current flowing in the lamp. This feedback signal is 
developed by monitoring the current through resistor R5 
in the common source connection of the inverter 
MOSFETs, Q3 and Q4. The lamp current, and therefore 
brightness, is adjusted by varying the voltage applied to 
R4, at the brightness adjust control point. Increasing this 
voltage decreases the brightness. 
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OSCILLATOR 

The frequency of the oscillator in the ML4874 is set by 
selecting the values of Or and Ry. 

The following graph shows the oscillate frequency 
versus the value of RT for different values of CT. This 
nomograph may be used to select the appropriate value of 
Rt and CT to achieve the desired oscillator frequency for 
the ML4874. 
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LINEAR REGULATOR 

A linear voltage regulator is provided to power the low 
voltage and low current control circuitry on the ML4874. 
This is typically used when there is no separate 5 volt 
supply available at the inverter board. For operatiozxn up 
to 18 volts the linear regulator is used by connecting the 
HVDD pin to the input battery voltage. For operation over 
18 volts, a MOSFET, and a resistor (Q1 and R1, in figure 1) 
are connected as shown. The MOSFET is required to stand 
off the high voltage. The AZR pin is just a zener diode to 
ground used to bias the gate of Q1 . 



LAMP OUT DETECT 

In those cases when there is no lamp connected, or the 
connection is faulty, the output voltage of the lamp driver 
circuit will tend to rise to a high level in an attempt to start 
the nonexistent lamp. The lamp out detect circuit on the 
ML4874 will detect this condition by sensing the center 
tap voltage on the primary of the output transformer, T1 
on the L RTD pin. When this voltage exceeds 1 6 volts, an 
internal latch is set and the lamp driver goes into a 
shutdown mode. The logic control pin ON/OFF must be 
cycled low, then high to reset the latch and return the 
lamp driver to the normal state. 

SOFT START 

The capability to control the start up behavior is achieved 
by setting the value of a single capacitor, C2 in figure 1 . 
By selecting the appropriate value the ac lamp current can 
be set to slowly increase with a controlled time constant. 
The capacitor value can be calculated according to the 
following formula. 

C = (5x10-7)T S 

Where T$ = Duration of the soft start sequence in seconds 

LOGIC CONTROL 

The ML4874 is controlled by a single logic input, 
ON/OFF. A logic level high on this pin enables the lamp 
driver. A logic zero puts the circuit into a very low power 
state. 

POWER SEQUENCING 

It is important to observe correct power and logic input 
sequencing when powering up the ML4874. The 
following procedure must be observed to avoid damaging 
the device. 

1 . Apply the battery power to HVDD. 

2. Apply the VDD voltage (if HVDD is not used). With 
HVDD connected this voltage is supplied by the 
internal regulator on the ML4874. 

3. Apply a logic high to the ON/OFF input. 
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1.6M 

VA <BRIGHTNESS 

ADJUST 



Figure 4. Typical Application Schematic for the 16 pin SOIC ML4874. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4874CS 


0°C to +70°C 


Molded SOIC (S1 6) 


ML4874ER 


-20°C to +70°C 


Molded SSOP (R20) 
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Differential Drive LCD Backlight Evaluation Kit 



GENERAL DESCRIPTION 

The ML4874 is a cold cathode fluorescent lamp (CCFL) 
backlight controller featuring differential lamp drive and 
dimming control. It is commonly used to power the 
backlight of the LCD display found in many handheld 
instruments. This evaluation board enables the designer to 
explore the capabilities of the circuit and determine its 
suitability for a current or new design. A miniature lamp is 
included in the evaluation package to speed design turn 
around times. 

The ML4874 evaluation board is a miniaturized 
design for space efficiency, and can be readily interfaced 
with most systems. The assembled board measures 
0.65" Wx 3.1 75" Lx 0.235" H. 



FEATURES 

■ Operates Over a 5 to 20V Supply Range 

■ Efficiency Greater than 90% 

■ Differential Lamp Drive Improves Dimming Range 

■ Capable of Driving Lamp to Greater than 5W 

■ Low Profile, High Density PC Board Layout 

KIT COMPONENTS 

■ ML4874 User's guide 

■ ML4874 Data Sheet 

■ A fully functional evaluation board 

■ Application Notes 26 and 32 

■ Miniature Fluorescent Lamp 

■ PCB Layout Gerber File 



BLOCK DIAGRAM 
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Low Voltage Boost Regulator with Shutdown 



GENERAL DESCRIPTION 

The ML4875 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4875 ideal for 1 cell 
applications. The ML4875 is capable of start-up with input 
voltages as low as 1 V and is available in 5V, 3.3V, and 3V 
output versions with an output voltage accuracy of ±3%. 

Unlike regulators using external Schottky diodes, the 
ML4875 isolates the load from the battery when the 
SHDN pin is high. This is accomplished by an integrated 
synchronous rectifier which eliminates the need for an 
external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4875 requires only one inductor and two 
capacitors to build a very small regulator circuit capable 
of achieving conversion efficiencies in excess of 90%. 



FEATURES 

■ Guaranteed start-up and operation at 1 V input 

■ Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

■ Isolates the load from the input during shutdown 

■ Minimum external components 

■ Low ON resistance internal switching FETs 

■ Micropower operation 

■ 5V, 3.3V, and 3V output versions 



The circuit contains a RESET output which goes low when 
the DETECT input drops below 200mV. 



BLOCK DIAGRAM 
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PIN CONNECTION 



ML4875-5/-3/-T 
8-Pin SOIC (S08) 



vin r~r~ 1 

SHDN | [~ 2 

GND | T~ 3 

DETECT [~T~ 4 



8 ~~| | PWRGND 
7 ~T~1 RESET 

5 ~T~I VOUT 



PIN DESCRIPTION 



PIN 
NO. 


NAME 


FUNCTION 


1 


V|N 


Battery input voltage 


2 


SHDN 


Pulling this pin high shuts down the 
regulator, isolating the load from the 
input 


3 


GND 


Analog signal ground 


4 


DETECT 


When this pin below Vrff, causes 
the RESET pin to go low 



PIN 
NO. 



NAME 



FUNCTION 



5 VquT 

6 V L 

7 RESET 



Boost regulator output 
Boost inductor connection 



Output goes low when regulation 
cannot be achieved or when DETECT 
goes below 200mV 

PWR GND Return for the NMOS output transistor 
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Thermal Resistance (6ja) 

Plastic SOIC 110°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4875CS-X 0°C to +70°C 

ML4875ES-X -20°C to +70°C 

Vin Operating Range 

ML4875CS-X 1 .OV to Vqut -0.2V 

ML4875ES-X 1 .1 V to V OU T -0.2V 



ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin 7V 

Peak Switch Current, I(peak) 1 «5A 

Average Switch Current, I(avg) 300mA 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) +260°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, Vin = Operating Voltage Range, Ta = Operating Temperature 



Range. 



PARAMETER 



Supply 



V|n Current 



Vqut Quiescent Current 



Vl Quiescent Current 



PFM Regulator 



Shutdown 



Input Bias Current 



Shutdown Threshold 



Shutdown Hysteresis 



RESET Comparator 



CONDITIONS 



V| N = Vqut -0.2V 



V, N = 4.8V, SHDN = high 



Vshdn = high to low 



MIN 



TYP. 



50 



20 



-100 



180 



200 



50 



MAX 



65 



30 



12 



100 



220 



70 



UNITS 



HA 



uA 



uA 



LlA 



Pulse Width (Ton) 




9 


10 


11 


LIS 


Output Voltage (Vqut) 
ML4875-5 
ML4875-3 
ML4875-T 


T O N = 0atV O uT(MAX), 
9lis<T n^11^sV ut(MIN) 


4.85 
3.2 
2.91 


5.0 
3.3 
3.0 


5.15 
3.4 
3.09 


V 
V 
V 


Load Regulation 

ML4875-5 


See Figure 1 

V| N = 1 .2V, Iqut ^ 20mA 

V, N = 2.4V, Iqut^ 105mA 


4.85 
4.85 


5.0 
5.0 


5.15 
5.15 


V 
V 


ML4875-3 


V| N = 1 .2V, Iqut £ 30mA 
V| N = 2.4V, Iqut^ 140mA 


3.2 
3.2 


3.3 
3.3 


3.4 
3.4 


V 
V 


ML4875-T 


V, N = 1 .2V, Iqut ^ 35mA 
V| N = 2.4V, Iqut £ 160mA 


2.91 
2.91 


3.0 
3.0 


3.09 
3.09 


V 
V 


Under-Voltage Lockout Threshold 






0.85 


0.95 


V 



nA 



mV 



mV 



DETECT Threshold 




190 


200 


210 


mV 


DETECT Bias Current 




-100 




100 


nA 




'reset = 50|iA 




0.1 


0.2 




RESET ON Voltage 


V 


RESET OFF Current 


Vreset = 5V 






100 


nA 
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Vino * — 

100HF| 



27\lH 

(Sumida CD75) 
nrr>n> 



-C V IN PWR GND 2 1 

Z shdn reset 2 ~ 

' GND V L 2 



Z DETECT VoUT 1 T OVqUT 

ioo^C ,OUT 



Figure 1 . Application Test Circuit 




Figure 2. PFM Regulator Block Diagram 
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FUNCTIONAL DESCRIPTION 

The ML4875 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highly efficient and simple to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and external 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when Vqut is at or above the 
desired output voltage, drawing 50uA from Vin, and 8uA 
from Vqut through the feedback resistors R1 and R2. 
When Vqut drops below the desired output level, the 
output of amplifier A1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A1 set signal 
and creates a pulse at the gate of the NMOS transistor Q1 . 
The NMOS transistor will charge the inductor L1 for 10|is, 
resulting in a peak current given by: 



t(PEAK) - 



T ON xV IN ^ 1 °l* sxV IN 



(D 



For reliable operation, L1 should be chosen so that Il(peak) 
does not exceed 1 .5A. 

When the one-shot times out, the NMOS transistor 
releases the Vl pin, allowing the inductor to fly-back and 
momentarily charge the output through the body diode of 
PMOS transistor Q2 in series with shutdown transistor Q3. 
But, as the voltage across the PMOS transistor changes 
polarity, its gate will be driven low by the current sense 
amplifier A2, causing Q2 to short out its body diode. The 
inductor then discharges into the load through Q2. The 
output of A2 also serves to reset the flip-flop and one-shot 
in preparation for the next charging cycle. A2 releases the 
gate of Q2 when its current falls to zero. If Vqut ' s still 
low, the flip-flop will immediately initiate another pulse. 
The output capacitor (C1 ) filters the inductor current, 
limiting output voltage ripple. Inductor current and one- 
shot waveforms are shown in Figure 3. 




Q(ONE SHOT) 



Figure 3. PFM Inductor Current Waveforms and Timing. 



SHUTDOWN 

The ML4875 output can be shut down by pulling the 
SHDN pin high. When SHDN is high, the regulator stops 
switching, the control circuitry is powered down, and the 
body diode of the PMOS synchronous rectifier is 
disconnected from the output, allowing the output voltage 
to drop below the input voltage. This feature is unique to 
the ML4875, as most boost regulators use external 
Schottky diode rectifier which cannot be disconnected 
during shutdown. Leaving the Schottky diode connected 
causes excess power dissipation in the load during 
shutdown because the Schottky conducts whenever the 
output voltage drops 300mV below the input voltage. 



RESET COMPARATOR 

An additional comparator is provided to detect low V|n, 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to Vref/ while the non-inverting input is 
provided externall y at th e DETECT pin. The output of the 
comparator is the RESET pin, which swings from Vqut to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too low a 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 



L MAX 



; V IN(MIN) xT ON(MIN) XT l 
2 x V OUT x 'OUT(MAX) 



(2) 



where r\ is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. 

For example, a two cell to 5V application requires 80mA 
of output current while using an inductor with 1 5% 
tolerance. The output current should be derated by 25% 
to 1 00mA to cover the combined inductor and ON-time 
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1.0 2.0 3.0 4.0 5.0 

V|N (V) 




1.0 2.0 3.0 4.0 

Vin (V) 



Figure 4. Output Current vs Input Voltage. 



tolerances. Assuming that 2V is the end of life voltage of a 
two cell input, Figure 4 shows that with a 2V input, the 
ML4875-5 delivers 99mA with a 27jxH inductor. 

Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to 1 5|iH, the 
efficiency drops to between 70% and 75%. With 56u,H, 
the efficiency approaches 90% and there is little room for 
improvement. At values greater than 1 00uH the operation 
of the synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. The data used to generate 
Figures 4 and 5 is provided in Table 1 . 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 



'L(PEAK) ~ 



_ T ON(MAX) x V IN(MAX) 



L MIN 



(3) 



In the two cell application previously described, a 
maximum input voltage of 3V would give a peak current 
of 1 .2A. When comparing various inductors, it is 
important to keep in mind that suppliers use different 
criteria to determine their ratings. Many use a 
conservative current level, where inductance has dropped 
to 90% of its normal level. In any case, it is a good idea to 
try inductors of various current ratings with the ML4875 to 
determine which inductor is the best choice. Check 
efficiency and maximum output current, and if a current 
probe is available, look at the inductor current to see if it 
looks like the waveform shown in Figure 3. For additional 
information, see Applications Note 29. 

Suitable inductors can be purchased from the following 
suppliers: 



Coilcraft 



(708) 639-6400 



Coiltronics (407)241-7876 
Dale (605) 665-9301 

Sumida (708) 956-0666 
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Figure 5. Typical Efficiency as a Function of Vim. 



OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 
the circuit. Output ripple is influenced by three capacitor 
parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 



AV, 



OUT" 



T 2 .. 2 

'on xv in 



2xLxCx(V OUT -V IN ) 



(4) 



For a 2.4V input, and 5V output, a 27u.H inductor, and a 
47|xF capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 



output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
l-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 1 0Ouf, an ESR 
of less than 0.1 Q, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 



Matsuo 
Sprague 



(714)969-2491 
(603)224-1961 



If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 
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INPUT CAPACITOR 

Unless the input source is a very low impedance battery, 
it will be necessary to decouple the input with a capacitor 
with a value of between 47jliF and 100u,F. This provides 
the benefits of nr eventin a input ripple from affecting the 
ML4875 control circuitry, and it also improves efficiency 
by reducing l-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

DRIVING THE SHDN INPUT 

Unlike other boost regulators which use external Schottky 
diodes, the ML4875 has the ability to isolate the load from 
the battery input when the SHDN pin is high. Since there 
may be no other voltage available when the regulator is in 
shutdown, the SHDN input threshold is set well below the 
minimum Vjn voltage. SHDN can be driven directly from 
an open collector device with a high value pull-up resistor 
to V| N . If SHDN is driven from a TTL or CMOS output 
device, a resistor divider should be used to prevent the 
SHDN input high level from exceeding V| N/ and to ensure 
the SHDN input low level is below the 200mV threshold. 



SETTING THE RESET THRESHOLD 



To use the RESET comparator as an input voltage monitor, 
it is necessary to use an external resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values R A and R B can be calculated using the following 
equation: 



LAYOUT 

Good PC board layout practices will ensure the proper 
operation of the ML4875. Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4875 

• Use short trace lengths from the inductor to the Vl pin 
and from the output capacitor to the Vqut P' n 

• Use a single point ground for the ML4875 ground pins, 
and the input and output capacitors 



V IN(MIN) ~ °* 2 X 



(R A + R B ) 



(5) 



The value of Rb should be 100kQ or less to minimize bias 
current errors. Ra. is then found by rearranging the 
equation: 



V IN(M1N) -J 
0.2 



(6) 
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TABLE 1. MAXIMUM OUTPUT CURRENT AND EFFICIENCY. 



ML4875-5.0 



Vin (V) 


l| N (mA) 


«OUT (mA) 


EFFICIENCY % 


L = 15|iH 


1.0 


237.5 


35.7 


75.2 


1.5 


373.3 


86.2 


77.0 


2.0 


494.6 


151.8 


76.7 


2.5 


616.0 


233.5 


75.8 


3.0 


710.5 


319.7 


75.0 


3.5 


793.9 


410.5 


73.9 


L = 27\xH 


1.0 


138.2 


22.0 


79.6 


1.5 


220.7 


54.8 


82.8 


2.0 


296.2 


98.8 


83.4 


2.5 


374.1 


156.1 


83.5 


3.0 


441.6 


220.7 


83.3 


3.5 


496.4 


289.4 


83.3 


4.0 


538.2 


358.5 


83.3 


4.5 


542.6 


408.0 


83.5 


L = 56nH 


1.0 


72.5 


12.2 


84.1 


1.5 


113.1 


29.8 


87.8 


2.0 


158.7 


56.3 


88.7 


2.5 


201.6 


89.7 


89.0 


3.0 


237.5 


127.0 


89.1 


3.5 


270.4 


169.0 


89.3 


4.0 


297.4 


212.9 


89.5 


4.5 


310.4 


251.0 


89.8 



ML4875-3.0 



V.n (V) 


l|N (mA) 


'out (mA) 


EFFICIENCY % 


L = 15^H 


1.0 


242.8 


59.2 


73.1 


1.5 


362.6 


131.3 


72.4 


2.0 


461.6 


219.2 


71.2 


2.5 


523.5 


308.5 


70.7 


L = 27\iH 


1.0 


144.9 


38.9 


80.5 


1.5 


218.7 


88.2 


80.7 


2.0 


286.8 


153.4 


80.2 


2.5 


325.6 


217.5 


80.2 


L = 56^H 


1.0 


74.3 


21.5 


86.8 


1.5 


119.1 


52.0 


87.3 


2.0 


154.9 


90.2 


87.3 


2.5 


183.0 


133.2 


87.3 



ML4875-3.3 



V, N (V) 


■in (mA) 


Iqut (mA) 


EFFICIENCY % 


L = 15nH 


1.0 


243.1 


54.6 


74.1 


1.5 


346.6 


122.1 


77.5 


2.0 


473.6 


207.8 


72.4 


2.5 


551.9 


299.9 


71.7 


3.0 


563.6 


368.0 


71.8 


L = 27^H 


1.0 


144.5 


35.4 


80.8 


1.5 


218.4 


80.9 


81.5 


2.0 


292.3 


143.6 


81.1 


2.5 


345.7 


211.8 


80.9 


3.0 


357.2 


263.7 


81.2 


L = 56|xH 


1.0 


73.9 


19.5 


87.1 


1.5 


118.5 


47.2 


87.6 


2.0 


156.8 


83.4 


87.8 


2.5 


189.0 


125.7 


87.8 


3.0 


206.6 


165.5 


88.1 
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ORDERING INFORMATION 



PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4875CS-T 
ML4875CS-3 
ML4875CS-5 


3.0 V 
3.3V 
5.0 V 


0°C to +70°C 
0°C to +70°C 
0°C to 70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
8-Pin SOIC (S08) 


ML4875ES-T 
ML4875ES-3 
ML4875ES-5 


3.0 V 
3.3V 
5.0 V 


-20°C to +70°C 
-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
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LCD Backlight Lamp Driver with Contrast 



GENERAL DESCRIPTION 

The ML4876 is an ideal solution for driving small cold 
cathode fluorescent tubes (CCFL) used in liquid crystal 
display (LCD) backlight applications. It provides the 
dimming ballast control and the contrast control for the 
LCD display. 

By utilizing differential drive the ML4876 can deliver the 
same light output with significantly less input power 
compared to existing single ended drive schemes. 
Improvements as high as 30% can be realized when using 
low power lamps and advanced LCD screen housings. 
This increased light output is achieved because the 
differential drive configuration is much less sensitive, and 
therefore less power is wasted in the capacitive parasitics 
that exist in the backlight housing. An additional benefit of 
this configuration is an even distribution of light. 

The ML4876 is optimized for portable applications where 
high efficiency is critical to maximize battery life. The 
high efficiency is achieved by a resonant scheme with 
zero voltage switching. The complete system, including 



the magnetics, can be easily implemented with standard 
off the shelf power components. 

All of the regulators on the chip are synchronized to the 
inverter frequency to eliminate the ghosting and flicker 
common to asynchronous circuits. 

The ML4876 is available in very small form factor 
package (20 pin SSOP) making it ideal for hand held 
portable applications. 

FEATURES 

■ Backlight Lamp Driver with Differential Drive 

■ Up to 30% Lower Power for Same Light Output 

■ Low Standby Current (< 1 OllA) 

■ Improved Efficiency (=95%) 

■ Allows All N-Channel MOSFET Drive 

■ Low Switching Losses 

■ Resonant Threshold Detection 

■ Buck Regulator uses Synchronous Rectification 



BLOCK DIAGRAM 

VDD 



B SYNC OUT 

Til 



ON/OFF lei 




A 16 L GATE 2 



-H- 

LEA OUT 
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PIN CONFIGURATION 



ML4876 



*>n_D 


_ CCAD /D<IA\ 
II <JkJVSI \¥%.4.\J/ 




FEA OUT fT 






20 


Tl FILIM 


FEA-n: 


2 




19 


~D BOFF 


FEA+HT 


3 




18 


TJBON 


LON [X 






17 


ID GND 


VREF [X 






16 


Tl LGATE2 


ON/OFF Q~ 


6 




15 


~[~] HVDD 


LEA-fT 






14 


1~] LGATE1 


LEA OUT n~ 


8 




13 


T~l VDD 


ctq: 


9 




12 


Tl FGATE 


LRTD QI 


10 




11 


Tl B SYNC OUT 






TOP VIEW 







PIN DESCRIPTION 

PIN# NAME DESCRIPTION 



1 FEA OUT 



FEA- 



3 FEA+ 



4 LON 



VREF 
ON/OFF 

LEA- 



8 


LEAOUT 


9 


CT 


10 


LRTD 



Output of flyback (contrast) error 
amplifier. 

Negative input of flyback (contrast) 
error amplifier. 

Positive input of flyback (contrast) 
error amplifier. 

Logic input. A "0" on this pin 
disables the lamp driver section only. 

Voltage reference output. 

Logic input. A "0" on this pin 
disables the linear regulator. 

Negative input for lamp error 
amplifier. 

Output of lamp error amplifier. 

Oscillator timing capacitor. 

Input to resonant threshold detector. 



PIN# NAME 



DESCRIPTION 



1 1 B SYNC OUT Output of MOSFET driver. Connects 

to gate of synchronous FET catch 
diode. 

1 2 F GATE Connects to gate of MOSFET in 

primary side of contrast control. 

1 3 VDD Output of linear regulator. Positive 

power for IC. 

14 LGATE1 Output of MOSFET driver. 

Connection to gate of one side of 
inverter FET drive pair. 



15 


HVDD 


Battery power input to linear 
regulator. 


16 


L GATE2 


Output of MOSFET driver. 
Connection to gate of one side of 
inverter FET drive pair. 


17 


GND 


Ground 


18 


BON 


Connection to primary side of gate 
pulse transformer. 



19 BOFF 



20 FILIM 



Output of MOSFET driver. 
Connection to gate of FET that 
disables the input power. 

Input to current limit comparator. 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Supply Current (Ice) 75mA 

Output Current, Source or Sink 250mA 

Voltage on Pins 1-9, 11-14, 16-20 ....-0.3V to VDD +0.3V 

Voltage on Pin 15 20V 

Current into Pin 10 ±10mA 



Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +1 50°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (6 JA ) Plastic SSOP 100°C/W 

OPERATING CONDITIONS 

Temperature Range 

ML4876C 0°C to +70°C 

ML4876E -20°C to +70°C 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, VDD = 5V ±5%, T A = -20°C to 70°C, CT = 47pF (Note 1) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


CURRENT REGULATOR SECTION 


Error Amplifier 


Open Loop Gain 




60 


70 




dB 


Bias Point 


Closed loop 


0.18 


0.2 


0.22 


V 


Output High 


Iload=5uA 


2.8 


3.0 




V 


Output Low 


Iload=25hA 




0.4 


0.7 


V 


Bandwidth (-3dB) 






1 




MHz 


Input Voltage Range 




-0.3 


0.2 


VREF 


V 


Input Bias Current 






50 


100 


nA 


Current Limit Comparator 


Current Threshold 




450 


500 


550 


mV 


Input Bias Current 


Vlilim = 0.1V 




50 


100 


nA 


Propagation Delay 


(Note 2) 




30 




ns 


Output Drivers 


Output High - B SYNC OUT, B OFF 


VDD = 5V, I LO ad= 12mA 


4.625 


4.8 




V 


Output Low - B SYNC OUT, B OFF 


I LOAD = 12mA 




0.2 


0.375 


V 


Rise & Fall time - B SYNC OUT, B OFF 


C L OAD = 100pF 




20 


50 


ns 


Output High -BON 


VDD = 5V,I LO ad = 12mA 


4.625 


4.8 




V 


Output Low - B ON 


•load = 50mA 




0.2 


0.375 


V 


Fall Time - B ON 


Cload = 2400pF (Note 2) 




45 


80 


ns 


ONE SHOT Pulse Width 




100 


150 


200 


ns 


DELAY TIMER Delay Time 




20 


35 


55 


ns 


FLYBACK REGULATOR SECTION 


Error Amplifier 


Open Loop Gain 




60 


70 




dB 


Offset Voltage 




-15 




+15 


mV 


Output High 


Iload = 5M 


2.8 


3.0 




V 


Output Low 


'LOAD = 25uA 




0.4 


0.7 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


FLYBACK REGULATOR SECTION 


Current Limit Comparator 


Threshold 




70 


100 


130 


mV 


Input Bias Current 


Vlilim = 0.1V 




50 


100 


nA 


Propagation Delay 






125 


250 


ns 


Output Drivers 


Output High - F Gate 


VDD = 5V, l LOA D = 12mA 


4.625 


4.8 




V 


Output Low - F Gate 


'LOAD = 50mA 




0.2 


0.375 


V 


Rise & Fall Time 


Q_OAD = 1000pF 




20 


50 


ns 


HIGH VOLTAGE INVERTER SECTION 


Oscillator 


Nominal Frequency 




59 


70 


81 


kHz 


Discharge Current 


V CT = 2V 


600 


700 


900 


HA 


Peak Voltage 




2.3 


2.5 


2.7 


V 


Valley Voltage 




0.8 


1 


1.2 


V 


Output Drivers 


Output High -L GATE 1,2 


VDD = 5VJ LO ad = 12mA 


4.625 


4.8 




V 


Output Low - L GATE 1 , 2 


•load = 50mA 




0.2 


0.375 


V 


Rise & Fall Time -L GATE 1,2 


Q.OAD = 1000pF 




20 


50 


ns 


Resonant threshold Detector 


Threshold 




0.75 


1.1 


1.45 


V 


Hysteresis 




250 


500 


750 


mV 


Lamp Out Detect 


Threshold 




16 


18 


20 


V 


Under Voltage Detector 


Start Up Threshold 




3.8 


4.1 


4.4 


V 


Hysteresis 




150 


300 


450 


mV 


Logic Interface (On/Off, LON) 


VIH 




2.6 






V 


VI L 








0.5 


V 


Input Bias Current 


VI = 3V 




10 


25 


uA 


Linear Regulator Section 


Regulator Voltage (VDD) 


HVDD = 12V 


4.75 


5.0 


5.35 


V 


Regulator Source Current 


External to device 




10 




mA 


Drop Out Voltage 


Ihvdd = 1 m A 




30 


90 


mV 


Drop Out Voltage 


'hvdd = 5mA 




125 


275 


mA 


HVDD Input Voltage Range 




5 




18 


V 
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ELECTRICAL CHARACTERISTICS (Continued) 



PARAMETER 



CONDITIONS 



M1N 



TYP 



MAX 



UNITS 



Bias Section 



VDD Supply Current (No Load) 


On/Off = 3V, L ON = 3V 




0.45 


0.6 


mA 


VDD Supply Current 


On/Off = 3V, Lon = OV 




200 


350 


uA 


VDD Supply Current 


On/Off ="0", HVDD = 12V 






10 


uA 


VREF Output Voltage 


T A = 25°C 


2.47 


2.5 


2.53 


V 


VREF Load Regulation 


Ivref = 25|iA 




10 


20 


mV 


VREF Line Regulation 






20 


30 


mV 


VREF Line, Load, Temp 




2.465 


2.5 


2.535 


V 



Note 1 : Limits are guaranteed by 1 00% testing, sampling or correlation with worst case test conditions. 
Note 2: Actual load is 1 200pF. The 2:1 transformer reflects an effective 2400pF. 



INPUT+5to+18V 



CONTRAST D1 -|- 

VOLTAGE 

-20V MAX. 

(ADJUSTABLE) 




1 20 19 18 17 16 15 14 13 12 11 

ML4876 



1 2 3 4 5 6 7 



9 10 



J_ 200K 



9.47U.F 



R5 
200K 



CONTRAST 
ADJUST 



C7j_ 
47pF~ 



R8< 
4.3K: 



LON ON/OFF 




C6 R6 

HI — rr-A'W- 1 

47uT 



NOTE1 

R1, D3, Q2 ARE OPTIONAL AND ALLOWS A BATTERY 
VOLTAGE RANGE FROM +7 TO +28V. REMOVING THESE 
COMPONENTS AND CONNECTING DIRECTLY TO THE 
INPUT VOLTAGE ALLOWS +5.0 TO +18V. 



Figure 1 . Typical Application Schematic for the ML4876 
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FUNCTIONAL DESCRIPTION 

The ML4876 consists of a PWM regulator, a lamp driver/ 
inverter, a linear regulator, a flyback regulator, and control 
circuits. This IC, in conjunction with external components, 
converts a DC battery voltage into the high voltage and 
high frequency ac signal required to start and drive 
miniature cold cathode fluorescent lamps. In addition it 
generates the DC voltage for the contrast requirements of 
LCD screens. Atypical application circuit is shown in 
figure 1 . Please refer to Application Note 32 for detailed 
application information beyond what is presented here. 

Note: Please read the Power Sequencing section below 
prior to using the ML4876. 

LAMP DRIVER 

The lamp driver, sometimes referred to as a lamp inverter, 
is comprised of a PWM regulator and a Royer type 
inverter circuit to drive the lamp. The PWM regulator, in a 
buck configuration, controls the magnitude of the lamp 
current to provide the dimming capability. Figure 2 shows 
a simplified circuit to more easily illustrate the operation 
of the circuit. 

Due to the presence of the buck inductor, L1 , the circuit 
shown in figure 2 is essentially a current fed parallel 
loaded resonant circuit. Lm is the primary inductance of 
the output transformer, T1, which tunes with the resonant 
capacitor Cr to set the resonant frequency of the inverter. 
The oscillator frequency is always set lower than the 
natural resonant frequency to ensure synchronization. The 
current source IC models the current through the buck 
inductor L1 . 




Figure 2. Simplified Lamp Driver Circuit 

The MOSFETs, Q4 and Q5 are alternately turned on with 
a constant 50% duty cycle signal (L CATE1, L GATE2) at 
one- half the frequency of the oscillator. In this way each 
transistor pulses, or excites, the resonant tank on each half 
cycle. The combination of these two signals appear across 
the primary winding of the output transformer as a 
sinusoidal waveform. This voltage is multiplied by the 
step-up turns ratio of the output transformer and 
impressed across the lamp. 



The output transitions are controlled by feedback through 
the L RTD pin by sensing the voltage at the center tap of 
the output transformer. Each time this signal reaches the 
minimum resonant threshold detection point an internal 
clock pulse is generated to keep the system synchronized. 
Figure 3 shows some of these representative waveforms at 
the important nodes of the circuit. 



CT AAAAA 

» JLUUUI 

™ n_n_n 



DRAIN -Q5 




h, r\_r\_T\ 



SOURCE OF 
U2-A 



[UUUUL 

Figure 3. Operating Waveforms of the 
Lamp Driver Section 

The PWM regulator is comprised of a MOSFET (U2-A), 
inductor L1, and the gate control and drive circuitry as 
shown in figure 1 . A signal with a constant pulse width of 
1 50nS is applied to the primary of the 2:1 pulse 
transformer T2, rectified by diode D2, and used to charge 
the gate capacitance of U2-A, thereby turning it on. The 
turn off is controlled by discharging this capacitance 
through MOSFET U2-B. The pulse width of the signal on 
the gate of U2-B (B OFF) varies according to the 
amplitude of the feedback signal on LEA-, pin 7, which is 
proportional to the ac current flowing in the lamp. This 
feedback signal is developed by monitoring the current 
through resistor R6 in the common source connection of 
the inverter MOSFETs, Q4 and Q5. The lamp current, and 
therefore brightness, is adjusted by varying the voltage 
applied to R7, at the brightness adjust control point. 
Increasing this voltage decreases the brightness. 

CONTRAST CONTROL GENERATOR 

The contrast voltage generator is a separate regulator in a 
flyback configuration. In conjunction with the external 
transformer (T3), MOSFET (Q1), diode (D1), and assorted 
capacitors and resistors, it provides an adjustable DC 
output contrast voltage necessary to drive LCD screens. 
The voltage is adjusted by controlling the voltage applied 
to R5, at the contrast adjustment point. 

The contrast voltage can be made either positive or 
negative simply by changing the connection of the 
external components. The schematic shown in figure 1 is 
connected for a negative voltage. Please refer to 
Application Note 32 for the circuit connection for a 
positive output voltage. 
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OSCILLATOR 

The frequency of the oscillator in-the ML4876 is set by 
selecting the value of CT. 

The following graph shows the oscillator frequency 
versus the value of CT. This nomograph may be used to 
select the appropriate value of CT to achieve the desired 
oscillator frequency. 




200pF 



LINEAR REGULATOR 

A linear voltage regulator is provided to power the low 
voltage and low current control circuitry on the ML4876. 
This is typically used when there is no separate 5 volt 
supply available at the inverter board. For operation up to 
1 8 volts the linear regulator is used by connecting the 
HVDD pin to the input battery voltage. For operation over 
1 8 volts, a MOSFET, and a resistor (Q2 and R1 , in figure 1 ) 
are connected as shown. The MOSFET is required to stand 
off the high voltage. 



LAMP OUT DETECT 

In those cases when there is no lamp connected, or the 
connection is faulty, the output voltage of the lamp driver 
circuit will tend to rise to a high level in an attempt to start 
the nonexistent lamp. The lamp out detect circuit on the 
ML4876 will detect this condition by sensing the center 
tap voltage on the primary of the output transformer, T1 
on the L RTD pin. When this voltage exceeds 1 6 volts, an 
internal latch is set and the lamp driver goes into a 
shutdown mode. The logic control pin L ON must be 
cycled low, then high to reset the latch and return the 
lamp driver to the normal state. 

LOGIC CONTROL 

The ML4876 is controlled by a two logic inputs, L ON 
and ON/OFF. A logic level high on the L ON pin enables 
just the lamp driver. A logic zero on the L ON pin disable 
the lamp driver only. A logic level high on the ON/OFF 
pin enable the complete circuit. A logic level low on the 
ON/OFF pin puts the circuit into a very low power state. 

POWER SEQUENCING 

It is important to observe correct power and logic input 
sequencing when powering up the ML4876. The 
following procedure must be observed to avoid damaging 
the device. 

1 . Apply the battery power to HVDD 

2. Apply the VDD voltage (if HVDD is not used). With 
HVDD connected this voltage is supplied by the 
internal regulator on the ML4876. 

3. Apply a logic high to the ON/OFF input. This will 
enable the internal linear regulator to ensure the VDD 
supply is on (when HVDD is used). 

4. Apply a logic high to the L ON input. 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4876CR 


0°C to +70°C 


Molded SSOP (R20) 


ML4876ER 


-20°C to +70°C 


Molded SSOP (R20) 
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ML4876EVAL 



Dinerentiai Drive LCu> Backlight 
with Contrast Evaluation Kit 



GENERAL DESCRIPTION 

The ML4876 is a cold cathode fluorescent lamp (CCFL) 
controller featuring dimming control and contrast voltage 
generation. It is commonly used to power the entire LCD 
display found in many handheld instruments. This 
evaluation board enables the designer to explore the 
capabilities of the circuit and determine its suitability for a 
current or new design. 

The printed circuit board is miniaturized using surface 
mount components for space efficiency, and can be 
readily interfaced to most systems. The board measures 
0.65"W x 5.31 "L x 0.235"H including the tallest 
component when assembled with the optional contrast/ 
dimming potentiometers and switches. The board can be 
shortened to 4" by cutting off the control section. 



FEATURES 

■ Operates Over a 5 to 20V Supply Range 

■ Efficiency Greater than 90% 

■ Differential Lamp Drive Improves Dimming Range 

■ Negative Contrast Voltage output (0 to -20V) 

■ Capable of Driving Lamp Up to 5VV 

■ Low Profile, High Density PC Board Layout 

KIT COMPONENTS 

■ ML4876 User's guide 

■ ML4876 Data Sheet 

■ A fully functional evaluation board 

■ Application Notes 26 and 32 

■ Miniature Fluorescent Lamp 

■ PCB Layout Gerber File 
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ADVANCED INFORMATION 

ML4880 



Portable PC and PCMCIA Power Controller 



GENERAL DESCRIPTION 

The ML4880 Portable PC and PCMCIA Power Controller 
is a complete solution for DC/DC power conversion for 
portable computing systems with single or multiple 
PCMCIA slots. A complete Pulse Frequency Modulated 
(PFM) power conversion and management system can be 
realized with the addition of one of Micro Linear's 
Backlight and Contrast Controllers (ML4864, ML4874, or 
ML4876). 

The device provides two synchronous buck converters to 
implement mixed voltage systems and a flyback converter 
for 1 2V V PP generation for PCMCIA. The flyback 
architecture enables generation of high currents (1 50mA 
or more per slot) on the 1 2V bus for multiple slot PCMCIA 
applications. 

Each regulator can be independently switched off to fully 
isolate the load from the power supply. The PFM 
architecture will automatically adjust switching frequency 
at light loads in order to maintain power conversion 
efficiencies in excess of 90%. Overall power conversion 
efficiencies are greater than 90% over an output power 
range of almost 3 decades (50mW to 33W). High 
switching frequencies allow use of small external 
components, reducing power supply size and cost. 



FEATURES 

■ Regulation to ±3% maximum: provides 2% PCMCIA 
switch matrix margin 

■ Two synchronous buck converters for 3.3/3V, 5V 
generation, and a flyback for high current, 1 2V 
generation from 5.5V to 1 8V input 

■ Regulator power conversion efficiencies > 90% over 3 
decades (5mA to 2 A) of output current 

■ Pulse Frequency Modulation for high efficiency 
operation 

■ Independent regulator shutdown for full load isolation 

■ Operation up to 300kHz 

■ Adjustable current limit 

■ Wide input voltage range (5.5V to 1 8V) 

■ Micropower operation (Iq < 300|iA) 



BLOCK DIAGRAM 
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PIN CONFIGURATION 



ML4880 
24-Pin SOIC (S24W) 



ICB [ 

ica |~T~[ 2 

csc nr~ 3 
csa rr~ 4 

CSB |~T~ 5 
CND |~T" 6 

vbias rr~ 7 

FDBK B [~T~ 8 
FDBK A fT" 9 

sdc n~ io 

SDA fT" 11 
FDBKC fT" 12 



24 I I IBS 

23 I l PWR CNDA 

22 I I PWR GNDB 

21 I I PWR GNDC 

20 I I OUT2B 

19 1 1 OUT1B 

18 I I SDB 

17 I I OUTIC 

16 I I V, N 

15 | | VLDO 

14 I I OUT2A 

13 I I OUT1A 



PIN DESCRIPTION 

PIN# NAME FUNCTION 



1 


ICB 


2 


ICA 


3 


CSC 


4 


CSA 


5 


CSB 


6 


GND 


7 


Vbias 


8 


FDBKB 


9 


FDBK A 


10 


SDC 


11 


SDA 


12 


FDBKC 



Charge pump, output 1 B 
Charge pump, output 1 A 
Current sense, regulator C 
Current sense, regulator A 
Current sense, regulator B 
Ground 
Bias voltage 

Feedback node, buck regulator B 
Feedback node, buck regulator A 
Shutdown regulator C 
Shutdown regulator A 
Feedback node, flyback regulator 



PIN# NAME 



FUNCTION 



13 OUT1A 

14 OUT2A 

15 VLDO 

16 V| N 

17 OUT1C 

18 SDB 

19 OUT1B 

20 OUT2B 

21 PWR GNDC 

22 PWR GNDB 

23 PWRGNDA 

24 IBS 



P-channel drive, regulator A 
N-channel drive, regulator A 
Linear regulator output 
Power supply input voltage 
N-channel drive, regulator C 
Shutdown regulator B 
P-channel drive, regulator B 
N-channel drive, regulator B 
Power Ground, regulator C 
Power Ground, regulator B 
Power Ground, regulator A 
Charge pump capacitor input 



ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4880ES 


-20°C to +70°C 


24-PIN SOIC (S24W) 
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ADVANCED INFORMATION 

ML4890 



High Efficiency Low Ripple Boost Regulator 



GENERAL DESCRIPTION 



FEATURES 



The ML4890 is a high efficiency, PFM (Pulse Frequency 
Modulation), boost switching regulator connected in 
series with an integrated LDO (Low Dropout Regulator) 
that incorporates "Silent Switcher"™ technology. This 
technique incorporates a patented tracking scheme to 
minimize the voltage drop across the LDO and increase 
the total efficiency of the regulator beyond that which can 
be obtained by using a descrete external LDO regulator. 

The ML4890 is designed to convert multiple cell battery 
inputs to regulated output voltages for integrated circuits 
and is ideal for portable communications equipment that 
cannot tolerate the output voltage ripple normally 
associated with switching regulators. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. 



Incorporates "Silent Switcher"™ technology to deliver 
very low output voltage ripple (<5mV) 

Guaranteed full load start-up and operation at 1 .OV 
input and low operating quiescent current (<100llA) for 
extended battery life 

Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

Minimum external components 

Low ON resistance internal switching FETs 

5V, 3.3V, and 3V output versions 
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PIN CONNECTION 



ML4890-5/-3/-T 



VlNfT" 1 

vref en 2 

GND |~T~ 3 

vout cm 4 



8 ~T~1 PWRCND 
7 "1 I SHDN 

e in v l 

5 1 I VboOST 



PIN DESCRIPTION 



PIN 
NO. 



NAME 



1 


V,N 


2 


Vref 


3 


GND 


4 


Vqut 


5 


Vboost 



FUNCTION 



Battery input voltage 

200m V reference pin 

Analog signal ground 

LDO linear regulator output 

Boost regulator output for connection 
of an output filter capacitor 



PIN 

NO. NAME 



FUNCTION 



Vl Boost inductor connection 

SHDN Pulling this pin to Vin through an 
external resistor shuts down the 
regulator, isolating the load from the 
input 

PWR GND Return for the NMOS boost transistor 



ORDERING INFORMATION 



PART NUMBER 


OUTPUT VOLTAGE 


TEMPERATURE RANGE 


PACKAGE 


ML4890CS-T 
ML4890CS-3 
ML4890CS-5 


3.0 V 
3.3V 
5.0 V 


0°C to +70°C 
0°C to +70°C 
0°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
8-Pin SOIC (S08) 


ML4890ES-T 
ML4890ES-3 
ML4890ES-5 


3.0 V 
3.3V 
5.0V 


-20°C to +70°C 
-20°C to +70°C 
-20°C to +70°C 


8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
8-Pin SOIC (S08) 
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ML4890EVAL 



Low Ripple Boost Regulator Evaluation Kit 



GENERAL DESCRIPTION 

The ML4890EVAL kit provides a convenient vehicle to 
evaluate the ML4890 low ripple boost regulator IC. The 
kit contains a fully assembled circuit board and all of the 
necessary documentation to quickly evaluate a typical 
application circuit. The board was designed to 
demonstrate performance and to illustrate critical layout 
practices necessary for reliable operation of the circuit. 

The ML4890 is complete solution for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
circuit is ideal in applications requiring high effeciency, 
low ripple and a minimum number of external 
components. 

The boost IC is capable of running with input voltages as 
low as 0.95V and is available in four different output 
versions: a 3V output (ML4890-T), a 3.3V output 
(ML4890-3.3), a 5V output (ML4890-5), or adjustable 
output versions (ML4790 and ML4990). 



FEATURES 

■ High Efficiency 

■ Low Output Ripple Voltage 

■ Minimal External Components 

■ Micro Power Operation 

■ Shutdown Current less than 8liA 

■ 3 V, 3.3V, 5V, and Adjustable Output Versions 

KIT COMPONENTS 

The evaluation package contains the following items: 

■ ML4890EVAL User's guide 

■ ML4890 Data Sheet 

■ ML4890 Evaluation Board 



+VlN 



-VlN 




FIGURE 1: ML4890 Evaluation Board Schematic 
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ML4961 



Adjustable Output Low Voltage 
Boost Regulator with Detect 



GENERAL DESCRIPTION 

The ML4961 is a boost regulator designed for DC to DC 
conversion in 1 to 3 cell battery powered systems. The 
combination of BiCMOS process technology, internal 
synchronous rectification, variable frequency operation, 
and low supply current make the ML4961 ideal for 1 cell 
applications. The ML4961 is capable of start-up with input 
voltages as low as 1 V, and the output voltage can be set 
anywhere between 2.5V and 6V by an external resistor 
divider connected to the SENSE pin. 

An integrated synchronous rectifier eliminates the need for 
an external Schottky diode and provides a lower forward 
voltage drop, resulting in higher conversion efficiency. In 
addition, low quiescent battery current and variable 
frequency operation result in high efficiency even at light 
loads. The ML4961 requires a minimum number of 
external components to build a very small adjustable 
regulator circuit capable of achieving conversion 
efficiencies in excess of 90%. 



The circuit also contains a RESET output which goes low 
when the IC can no longer function due to low input 
voltage, or when the DETECT input drops below 200m V. 



FEATURES 

■ Guaranteed full load start-up and operation at 1 V input 

■ Pulse Frequency Modulation and Internal Synchronous 
Rectification for high efficiency 

■ Minimum external components 

■ Low ON resistance internal switching FETs 

■ Micropower operation 

■ Adjustable output voltage (2.5V to 6V) 



BLOCK DIAGRAM 
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ML4961 
8-Pin SOIC (S08) 



ML4961 



vin n~ 


1 


8 


~J~~] PWRGND 


GND |~T~ 


2 




ZO RESET 


SENSE fT~ 


3 


6 


~T1 V L 


DETECT | I 


4 


5 


~n vout 



PIN DESCRIPTION 


PIN 

NO. NAME 


FUNCTION 


PIN 
NO. 


NAME 


FUNCTION 


1 v, N 

2 GND 


Battery input voltage 

Analog signal ground 

Programming pin for setting the 
output voltage 

Pullin&this pin below Vref, causes 


5 
6 

7 


VoUT 
V L 


Boost regulator output 
Boost inductor connection 


3 SENSE 

4 DETECT 


RESET 


Output goes low when regulation 
cannot be achieved, or when DETECT 
goes below 200mV 



the RESET pin to go low 



8 PWR GND Return for the NMOS output transistor 
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ABSOLUTE MAXIMUM RATINGS 

Absolute maximum ratings are those values beyond which 
the device could be permanently damaged. Absolute 
maximum ratings are stress ratings only and functional 
device operation is not implied. 

Voltage on any pin 7V 

Peak Switch Current, I(peak) 2A 

Average Switch Current, l(AVG) 500mA 

Junction Temperature 1 50°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering 10 sec.) +260°C 

Thermal Resistance (8 JA ) 110°CAA/ 



OPERATING CONDITIONS 

Temperature Range 

ML4961CS 0°Cto+70°C 

ML4yblbS -20X to +70°C 

ML4961 IS -40°C to +85°C 

V|n Operating Range 

ML4961CS 1 .0V to V OU T -0.2V 

ML4961 ES, ML4961IS 1.1V to V O ut-0-2V 



ELECTRICAL CHARACTERISTICS 

Unless otherwise specified, V iN = Operating Voltage Range, Ta = Operating Temperature 


^ange 






PARAMETER 


CONDITIONS 


MIN 


TYP. 


MAX 


UNITS 


Supply 


V )N Current 


V,n = V O ut-0.2V 




45 


55 


LlA 


Vqut Quiescent Current 






3 


5 


uA 


Vl Quiescent Current 








1 


llA 


PFM Regulator 


Pulse Width (T ON ) 




9 


10 


11 


LIS 


SENSE Comparator 
Threshold Voltage (V$ense) 




194 


200 


206 


mV 


Load Regulation 


See Figure 1 

V| N = 1 .2V, Iout ^ 25mA 

V iN = 2.4V, Iqut^ 135mA 


4.85 
4.85 


5.0 
5.0 


5.15 
5.15 


V 
V 


Undervoltage Lockout Threshold 






0.85 


0.95 


V 


RESET Comparator 


DETECT Threshold 




190 


200 


210 


mV 


DETECT Bias Current 




-100 




100 


nA 


RESET Output High Voltage (Vqh) 


I O h = -100uA 


Vout-0.2 






V 


RESET Output Low Voltage (Vol) 


Iql = 1 OOliA 






0.2 


V 
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IOOhF 



I 



27jiH 
(Sumida CD75) 



ML4961 



C Vin PWR CND ]- 
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"X 



•OUT 
O 



97.6KQ« 
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Figure 1 . PFM Regulator Block Diagram. 
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Figure 2. PFM Regulator Block Diagram. 
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FUNCTIONAL DESCRIPTION 

The ML4961 combines Pulse Frequency Modulation 
(PFM) and synchronous rectification to create a boost 
converter that is both highiy efficient and simpie to use. 
A PFM regulator charges a single inductor for a fixed 
period of time and then completely discharges before 
another cycle begins, simplifying the design by 
eliminating the need for conventional current limiting 
circuitry. Synchronous rectification is accomplished by 
replacing an external Schottky diode with an on-chip 
PMOS device, reducing switching losses and external 
component count. 

REGULATOR OPERATION 

A block diagram of the boost converter is shown in Figure 
2. The circuit remains idle when Vqut * s at or above the 
desired output voltage, drawing 45liA from Vin, and 8uA 
from Vout through the feedback resistors R1 and R2. 
When Vqut drops below the desired output level, the 
output of amplifier A1 goes high, signaling the regulator to 
deliver charge to the output. Since the output of amplifier 
A2 is normally high, the flip-flop captures the A1 set signal 
and creates a pulse at the gate of the NMOS transistor Q1 . 
The NMOS transistor will charge the inductor L1 for IOlis, 
resulting in a peak current given by: 



l(PEAK) ■ 



. T ON x V IN 



IOlisxV, 



M 



L1 



(1) 



For reliable operation, L1 should be chosen so that Il(peak) 
does not exceed 2A. 

When the one-shot times out, the NMOS FET releases the 
Vl pin, allowing the inductor to fly-back and momentarily 
charge the output through the body diode of PMOS 
transistor Q2. But, as the voltage across the PMOS 
transistor changes polarity, its gate will be driven low by 
the current sense amplifier A2, causing Q2 to short out its 
body diode. The inductor then discharges into the load 
through Q2. The output of A2 also serves to reset the flip- 
flop and one-shot in preparation for the next charging 
cycle. A2 releases the gate of Q2 when its current falls to 
zero. If Vqut is still low, the flip-flop will immediately 
initiate another pulse. The output capacitor (C1) filters the 
inductor current, limiting output voltage ripple. Inductor 
current and one-shot waveforms are shown in Figure 3. 



RESET COMPARATOR 

An additional comparator is provided to detect low V| N , 
or any other error condition that is important to the user. 
The inverting input of the comparator is internally 
connected to Vref/ while the non-inverting input is 
provided externall y at th e DETECT pin. The output of the 
comparator is the RESET pin, which swings from Vqut to 
GND when an error is detected. 

DESIGN CONSIDERATIONS 

INDUCTOR 

Selecting the proper inductor for a specific application 
usually involves a trade-off between efficiency and 
maximum output current. Choosing too high a value will 
keep the regulator from delivering the required output 
current under worst case conditions. Choosing too low a 
value causes efficiency to suffer. It is necessary to know 
the maximum required output current and the input 
voltage range to select the proper inductor value. The 
maximum inductor value can be estimated using the 
following formula: 



_ V IN(MIN) X T ON(MIN) X *! 
2 X V QUT X IquT(MAX) 



(2) 



where r\ is the efficiency, typically between 0.8 and 0.9. 
Note that this is the value of inductance that just barely 
delivers the required output current under worst case 
conditions. A lower value may be required to cover 
inductor tolerance, the effect of lower peak inductor 
currents caused by resistive losses, and minimum dead 
time between pulses. 

Another method of determining the appropriate inductor 
value is to make an estimate based on the typical 
performance curves given in Figures 4 and 5. Figure 4 
shows maximum output current as a function of input 
voltage for several inductor values. These are typical 
performance curves and leave no margin for inductance 
and ON-time variations. To accommodate worst case 
conditions, it is necessary to derate these curves by at 
least 10% in addition to inductor tolerance. Interpolation 
between the different curves will give a reasonable 
starting point for an inductor value. 




Q(ONE SHOT) 



Figure 3. PFM Inductor Current Waveforms and Timing. 



7-304 



tf^ Micro Linear 



ML4961 



i 

500 


k ML496KVOUT 


= 3.3V) 








L = 10pH 


L = 15 M H 


~ 300 




j 


//, 


L = 27 M H 


X 

! 

5 200 




/a 


y\ 






100 




P 


'/ 


L = 56yH 






^ 


^ 


► 



5 200 



ML4961(VoUT = 


= 5.0V) 












L = 15fiH 


L = 27jiH 






L = 10|iH 








J 


/A 




L = 56 M H 




A 










gps 






► 



2.0 3.0 

V|N (V) 



2.0 

V|N (V) 



Figure 4. Output Current vs. Input Voltage. 



y 

S 70% 



* ML4961-(VoUT 


= 3.3V) 










L = 56jiH 








L = 27jiH 
















L = 15hH 






L = 10pH 










>~ 



2 
V|N 



i 


k ML4961-(VoUT 


= 5.0V) 














L = 57pH 




5 

2 85% 








L = 27|iH 




5 

Z 80% 




^-1 




L = 15mH 




UJ 

y 

u3 75% 












70% 






Q^IOmH 




► 



1.0 2.0 3.0 

Vin (V) 



Figure 5. Typical Efficiency as a Function of Vin. 



Figure 5 shows efficiency under the conditions used to 
create Figure 4. It can be seen that efficiency is mostly 
independent of input voltage and is closely related to 
inductor value. This illustrates the need to keep the 
inductor value as high as possible to attain peak system 
efficiency. As the inductor value goes down to 10uH the 
efficiency drops to between 70% and 75%. With 56JHH, 
the efficiency exceeds 90% and there is little room for 
improvement. At values greater than 100u.H, the operation 
of the synchronous rectifier becomes unreliable because 
the inductor current is so small that it is difficult for the 
control circuitry to detect. 

After the appropriate inductor value is chosen, it is 
necessary to find the minimum inductor current rating 
required. Peak inductor current is determined from the 
following formula: 



l(PEAK) 



_ T ON(MAX) X V IN(MAX) 
L MIN 



(3) 



When comparing various inductors, it is important to keep 
in mind that suppliers use different criteria to determine 
their ratings. Many use a conservative current level, where 
inductance has dropped to 90% of its normal level. In any 
case, it is a good idea to try inductors of various current 
ratings with the ML4961 to determine which inductor is 
the best choice. Check efficiency and maximum output 
current, and if a current probe is available, look at trie 
inductor current to see if it looks like the waveform shown 
in Figure 3. For additional information, see Application 
Note 29. 

Suitable inductors can be purchased from the following 
suppliers: 

Coilcraft (708) 639-6400 

Coiltronics (407)241-7876 

Dale (605) 665-9301 

Sumida (708) 956-0666 
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OUTPUT CAPACITOR 

The choice of output capacitor is also important, as it 
controls the output ripple and optimizes the efficiency of 

4.1 : :«. r\..i.~ .*. _: — 1~ :„ :„£l l U.. *l u*- 

Li ic v-iiluh. wuipui iippic; 13 n iiiuci i^cvj uy uncc Lafjav-iiui 

parameters: capacitance, ESR, and ESL. The contribution 
due to capacitance can be determined by looking at the 
change in capacitor voltage required to store the energy 
delivered by the inductor in a single charge-discharge 
cycle, as determined by the following formula: 



AV, 



out ~ 



'ON 



2 x, 2 

xV IM 



2xLxCx(V OUT -V, N ) 



(4) 



For a 2.4V input, and 5V output, a 27u.H inductor, and a 
47|xF capacitor, the expected output ripple due to 
capacitor value is 87mV. 

Capacitor Equivalent Series Resistance (ESR) and 
Equivalent Series Inductance (ESL), also contribute to the 
output ripple due to the inductor discharge current 
waveform. Just after the NMOS transistor turns off, the 
output current ramps quickly to match the peak inductor 
current. This fast change in current through the output 
capacitor's ESL causes a high frequency (5ns) spike that 
can be over 1 V in magnitude. After the ESL spike settles, 
the output voltage still has a ripple component equal to 
the inductor discharge current times the ESR. This 
component will have a sawtooth shape and a peak value 
equal to the peak inductor current times the ESR. ESR also 
has a negative effect on efficiency by contributing 
l-squared R losses during the discharge cycle. 

An output capacitor with a capacitance of 1 0OuT, an ESR 
of less than 0.1 Q, and an ESL of less than 5nH is a good 
general purpose choice. Tantalum capacitors which meet 
these requirements can be obtained from the following 
suppliers: 



Matsuo 
Sprague 



(714)969-2491 
(603)224-1961 



If ESL spikes are causing output noise problems, an EMI 
filter can be added in series with the output. 

INPUT CAPACITOR 

Unless the input source is a very low impedance battery, it 
will be necessary to decouple the input with a capacitor 
with a value of between 47jiF and 100uT. This provides 
the benefits of preventing input ripple from affecting the 
ML4961 control circuitry, and it also improves efficiency 
by reducing l-squared R losses during the charge and 
discharge cycles of the inductor. Again, a low ESR 
capacitor (such as tantalum) is recommended. 

SETTING THE OUTPUT VOLTAGE 

The adjustable output can be set to any voltage between 
2.5V and 6V by connecting a resistor divider to the SENSE 
pin as shown in the block diagram. The resistor values Rj 
and R2 can be calculated using the following equation: 



The value of R2 should be 40kQ or less to minimize bias 
current errors. R1 is then found by rearranging the 
equation: 



"out , 
0.2 



(6) 



It is important to note that the accuracy of these resistors 
directly affects the accuracy of the output voltage. The 
SENSE pin threshold variation is ±3%, and the tolerances 
of R1 and R2 will add to this to determine the total output 
variation. 

In some applications, input noise may cause output ripple 
to become excessive due to "pulse grouping", where the 
charge-discharge pulses are not evenly spaced in time. 
In such cases it may be necessary to add a small 20pF to 
1 0OpF ceramic feedforward capacitor (Cff) from the V| N 
pin to the SENSE pin. 



SETTING THE RESET THRESHOLD 



To use the RESET comparator as an input voltage monitor, 
it is necessary to use an external resistor divider tied to the 
DETECT pin as shown in the block diagram. The resistor 
values Ra and Rb can be calculated using the following 
equation: 



V IN(MIN) -°- 2x 



(R A +R B ) 
R R 



(7) 



The value of Rb should be 100kQ or less to minimize bias 
current errors. R^ is then found by rearranging the 
equation: 



fv„ 



IN(MIN) 1 
0.2 



(8) 



LAYOUT 



Good PC board layout practices will ensure the proper 
operation of the ML4961 . Important layout considerations 
include: 

• Use adequate ground and power traces or planes 

• Keep components as close as possible to the ML4961 

• Use short trace lengths from the inductor to the Vl pin 
and from the output capacitor to the Vqut P' n 

• Use a single point ground for the ML4961 ground pins, 
and the input and output capacitors 



v OUT 



= 0.2x 



(Rt+R 2 



(5)' 
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ORDERING INFORMATION 



PART NUMBER 


TEMPERATURE RANGE 


PACKAGE 


ML4961CS 


0°C to +70°C 


8-Pin SOIC (S08) 


ML4961 ES 


-20°C to +70°C 


8-Pin SOIC (S08) 


ML4961 IS 


-40°C to +85°C 


8-Pin SOIC (S08) 
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Quality and Reliability 



Micro Linear is dedicated to excellence in its people and products. By adopting a policy of continuous improvement, we 
pledge to provide defect free products and services which meet or exceed our customer's expectation. 



TOTAL QUALITY MANAGEMENT (TQM) 

TQM is an operating methodology focused on continuous 
improvement of employees, products, manufacturing 
techniques and services to achieve our mission "100% 
Quality, 100% On Time" for our customers. The meaning 
of the word Customer at Micro Linear starts from within 
the company. 

Under the TQM philosophy, quality is built into every step 
of the manufacturing process from design to product 
qualification; from receiving to shipping. The TQM program 
at Micro Linear Corporation is a detailed program involving 
engineering and manufacturing to achieve the highest 
quality linear integrated circuits available. 

QUALITY SYSTEM 

The system is design to meet the requirements of: 

• ISO 9002 Quality Systems, Model for Quality 

Assurance in Production and 
Installation 

Test Methods and Procedures for 
Microelectronics 

Integrated Circuits (Microcircuits) 
Manufacturing, General 
Specification 

Microcircuits, General Specification 
for (superseded by MIL- 1-38535, 
Appendix A) 

• MIL-Q-9858 , Quality Program Requirements 

• MIL-STD-45662 Calibration System Requirements 

• MIL-l-45208 Inspection System Requirements 

• MIL-STD-105 Sampling Procedures and Tables for 

Inspection by Attributes 

• Other requirements from customers 
INTERNAL QUALITY AUDITS 

The internal quality audit system requirements are 
according to procedure as defined in ISO 9000. It ensures 
that production and quality activities comply with 
established procedures, and regularly measures the 
effectiveness of the quality system. Internal quality audits 
are scheduled on the basis of the status and importance of 



• MIL-STD-883 

• MIL-l-38535 
Appendix A 

• MIL-M-38510 



the activity to be audited, and the result of the audits is 
recorded and brought to the attention of the functional 
manager of the area audited. Follow-up audit activities are 
performed to verify the implementation and effectiveness 
of the corrective action taken. 

The audit areas include Calibration, Fab, Assembly, Test, 
Receiving Inspection, Document Control, Shipping 
Inspection, Finished Goods, MPC, Contract Review, 
Purchasing, ESD, Particle Counts. 

CORRECTIVE ACTION COMMITTEE (CAC) 

The Corrective Action Committee (CAC) is comprised of 
representatives from Manufacturing, Process Engineering, 
Product Engineering, and Quality and Reliability at a 
minimum who is responsible for assuring that the 
corrective and preventive actions are implemented. The 
vehicles for defining the corrective and preventive actions 
at Micro Linear are: 

• Discrepant Material Report (DMR) generated when 
non conformance occurs on material at any 
manufacturing operation. 

• Customer Material Return (CMR) generated when 
material is returned for nonconformance occurring 
in shipped material. 

• Corrective Action Request (CAR) generated when 
any employee sees a need for corrective action to 
take place or to document customer complaints. 

MANAGEMENT REVIEW 

The whole quality system is review at least once a year by 
the quality department to ensure continuing compliance 
to the requirements mentioned above. 

Management reviews the Quality Indices reports as well 
as the Corrective Actions reports against Micro Linear's 
goals and objectives every quarter. The Quality Indices 
report includes Return Rate, AOQ Electrical and 
Mechanical, Reliability Data by process, Process 
Capabilities (Cpk) of critical parameters from each wafer 
fabrication facility and assembly, Vendor Lot Rejection 
Rate for each subcontractor, Visual Defect Density of each 
Foundry, and the Internal Quality Audit performance. The 
Corrective Actions report summarizes the corrective and 
preventive actions taken from DMRs, CMRs, and CARs. 
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DOCUMENT CONTROL 

All company documents for procedures, specifications, 
drawings, travelers, flow charts, schematics, etc. that 
define customer requirements, raw material requirements, 
design, manufacture, and testing of products are 
controlled by a Document Control organization within the 
Micro Linear's Quality Department. 

SUPPLIER CONTROL 

Control of the quality of the incoming material is critical 
to the success of Micro Linear. Under the TQM 
philosophy, Micro Linear has an audit program of its 
suppliers of Class 1 material defined by those directly 
associated with the final products. Such audit is carried 
out on a defined frequency and performed by both 
manufacturing and quality personnel. Information 
gathered from the audit is reviewed with the supplier to 
incorporate programs to improve the quality of the 
material provided to Micro Linear. 

PRODUCT IDENTIFICATION AND TRACEABILITY 

All units are marked with unique lot numbers. These lot 
numbers provide complete traceability all the way to 
wafer fab as well as assembly and test. 

Micro Linear considers traceability to be essential for good 
engineering control and additional insurance for its 
customers. 

PROCESS CONTROL 

All critical process nodes as well as test yield data are 
closely monitored and analyzed using statistical tools and 
techniques such as process capability (Cpk), Trend Chart, 
Paretto Analysis, etc. The data is also used for verifying the 
effectiveness of the corrective actions and to help focusing 
on areas that needs improvement under the TQM 
philosophy of continuous improvement. 

MAJOR CHANGE NOTIFICATION 

Micro Linear reviews all process, product, and package 
changes. All changes with possible impact are submitted 
for re-qualificatjon which may include electrical, 
mechanical, and/or thermal characterization, in 
accordance to Micro Linear's Reliability program. The 
system is in place to notify customers with test data in 
accordance with MIL-M-38510. 



RELIABILITY PROGRAM 

Micro Linear's Reliability Program consistent with those of 
other semiconductor manufacturers utilizes various 
accelerated life tests as tools for establishing reliability 
status and progress. These tests are undertaken to identify 
infant mortality and wear-out failure mechanisms for 
specific or generically similar device families. 

Micro Linear's Reliability program has three components: 
Qualification, Quality Conformance and Reliability Audit. 
Each design/process technology set, each wafer 
fabrication facility, and each assembly location by 
package type is initially qualified. Periodic re-evaluation 
(Quality Conformance Testing) is performed, thereafter, to 
evaluate the on-going reliability of product and processes. 
In addition, Micro Linear has the third component 
Reliability Audit named ACT (Advanced Conformance 
Testing) to ensure the reliability of products shipped to 
customers. ACT defines auditing of samples from each 
process and wafer fab facility and subjecting them to an 
accelerated life testing. Plan for each program is 
summarized below: 



PROGRAM 


PLAN 


Qualification Testing 

• New Product 

• Design/Process Set 

• Wafer Fabrication Facility 

• Assembly Location 

• Major Change 


see Table 1 
see Table 2 

PLAN 
see Table 3 

PLAN 


Quality Conformance Testing 

• Wafer Fabrication Facility 
by Design/Process Set 

• Assembly by Package 


Every six month 

see Table 1 
see Table 3 


Advance Conformance Testing (ACT) 
• Wafer Fabrication Facility 
by Design/Process Set 


Every month 
see Table 4 



Note: "PLAN" are the appropriate stresses and tests determined by a 
qualification committee. 
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TESTING AND CALIBRATION 

Micro Linear has invested in the latest "state-of-the-art" 
analog testers to achieve the most complete and thorough 
parametric testing of integrated circuits in the industry. 
Data sheets provide the customer a precise listing of 
parameters which are 100% tested. 

The calibration system is in compliance with MIL-STD- 
45662 Calibration Systems Requirements. 

CUSTOMER RETURNS 

A formal program exists to record, analyze and take 
appropriate action on all returns. The customer is shortly 
notified with the initial test result. When needed, a report 
is generated and sent to the customer stating our findings 
and corrective actions to prevent re-occurrence. 



ESD (ELECTRO STATIC DISCHARGE) 

All semiconductor devices are sensitive to Electro Static 
Discharge (ESD) to some degree. For this reason a very 
strict control on handling and packaging are observed 
through all the employees and facility areas that handle or 
test semiconductor devices. 

Strong emphasis is put on the sensitivity of Micro Linear 
products to ESD, from design, lay-out and process 
perspectives. All the products are fully characterized to 
MIL-STD-883, Method 3015. 



TABLE 1 



STRESS/TEST 


METHOD 


CONDITION 


QUANTITY 


Life Test 


Mil-Std-883 
Method 1005 


1000hrs@125°C 


77 


ESD Characterization 


Mil-Std-883 
Method 301 5 


Human Body Model 


min. 3 


TABLE 2 


STRESS/TEST 


METHOD 


CONDITION 


QUANTITY 


Life Test 


Mil-Std-883 
Method 1 005 


1000hrs@125°C 


77 


HAST 




50 hrs @ 
130°C, 85%RH 


45 


Autoclave 


QAP 36004 


1 68 hrs @ 
121°C,15psi 


45 


Temperature Cycling 


Mil-Std-883 
Method 1010 


1000 cycles® 
-55°Cto+125°C 


45 


Thermal Shock 


Mil-Std-883 
Method 1011 


200 cycles @ 
-55°Cto+125°C 


45 


High Temperature 
Storage 


Mil-Std-883 
Method 1010 


1000 hrs @150°C 


45 
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TABLE 3 



STRESS/TEST 


METHOD 


CONDITION 


QUANTITY 


Life Test 


Mil-Std-883 
/Vieihod 1005 


1000hrs@125°C 


77 


HAST 




50 hrs @ 
1 30°C, 85%RH 


45 


Autoclave (*) 


QAP 36004 


1 68 hrs @ 
121°C, 15psi 


45 


Temperature Cycling 


Mil-Std-883 
Method 1010 


1000 cycles® 
-55°Cto+125°C 


45 


Thermal Shock (*) 


Mil-Std-883 
Method 1011 


200 cycles @ 
-55°Cto+125°C 


45 


High Temperature 
Storage 


Mil-Std-883 
Method 1010 


1000 hrs @150°C 


45 


Physical Dimensions 


Mil-Std-883 
Method 201 6 




15 


Solderability 


Mil-Std-883 
Method 2003 


22 leads 


3 


Resistance to 
Solder Heat 


Mil-Std-750 


260°C, 1 sec. 


32 


Resistance to Solvents 


Mil-Std-883 
Method 201 5 




4 


External Visual 
Inspection 


QAP 30038 




15 


Lead Integrity 


Mil-Std-883 
Method 2004 




3 


Note: (*) Qualification testing only. 

TABLE 4 


STRESS/TEST 


METHOD 


CONDITION 


QUANTITY 


Burn- in Test 


QAP 34004 


48hrs@125°C 


125 
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FOUNDRY CONTROL SYSTEM 



CONTINUOUS IMPROVEMENT PROGRAM 

■ Monthly Cpk Monitor/Analysis 

■ Defect Reduction Program 

■ Yield Analysis 



RELIABILITY TEST 

- Conformance 
ACT 



RECEIVING INSPECTION 

■ Visual Defect Inspection 

■ Electrical Probing (PCM) 




FOUNDRY 

■ Internal Audit 

■ Visual Defect Inspection 

■ Electrical Probing (PCM) 

■ Continuous Improvement 
Program 



FEEDBACK SYSTEM 

_ Yield Improvement 
Failure Analysis 
DMR Reports 
Cpk Analysis 



PROCESS CHANGE COMMITTEE 

■ Process Engineer 

■ Foundry Engineer 

■ Product Engineer 

■ Design Engineer 

■ Quality/Reliability 



Foundry Engineer 
Quality 



DOCUMENTATION 

■ ML Approval thru ECN 



B Micro Linear 
I ll Foundry 
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CORRECTIVE ACTION PROGRAM 



LOT REJECTED 



-< INCOMING MATERIAL 

■< IN-PROCESS 



DISCREPANT 
MATERIAL REPORT 



MATERIAL 
REVIEW BOARD 



DISPOSITION 
OF MATERIAL 



CUSTOMER 
RETURNS 



CORRECTIVE 
ACTION COMMITTEE 



PURCHASING 
PRODUCTION CONTROL 
MANUFACTURING ENG. 
QUALITY 



PURCHASING 
PRODUCTION CONTROL 
MANUFACTURING ENG. 
PRODUCT ENGINEERING 
RELIABILITY 
QUALITY 



DEFINE 
PROBLEM 



ASSIGN 
ACTIONS 



t 
REPORT 



„ IMPLEMENT 
SOLUTION 
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TYPICAL MOLDED PACKAGE ASSEMBLY FLOW 



ASSEMBLY LOCATION 
WAFER INSPECTION 

WAFER MOUNT 

WAFER SAW/WASH 
— / \ PROCESS MONITOR 
2nd OPTICAL VISUAL INSPECTION 

2nd OPTICAL Q.C. 



o 



PROCESS MONITOR 



EPOXY CURE 
— C, \ PROCESS MONITOR 
DIE ATTACH SHGAR STRENGTH 



o 



PROCESS MONITOR 



BOND PULL TEST AND 
BALL BOND SHEAR TEST 



3rd OPTICAL VISUAL INSPECTION 



PROCESS MONITOR 



MOLD CURE 

PROCESS MONITOR 



DEFLASH 



J\> PROCESS MONITOR 
SOLDER PLATE 

PROCESS MONITOR 
SOLDERABILITY TEST 



o 



PROCESS MONITOR 



PROCESS MONITOR 



MARKING PERMANENCY TEST 



LEAD FORM AND SINGULATE 
PROCESS MONITOR 



o 



FINAL INSPECTION 







FLOW CHART SYMBOLS 

PRODUCTION r*S PRODUCTION 
INSPECTION \^J 




krf,,,^' 


/^> 


QUALITY 







INSPECTION/ 
MONITOR 

PROCESS 
MONITOR 


► TRANSPORT 
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TYPICAL TEST FLOW 



EXTERNAL VISUAL INSPECTION 



RECEIVING INSPECTION 



100% TEST WORST-CASE 
TEMPERATURE 



ELECTRICAL TEST 



EXTERNAL VISUAL INSPECTION 



FLOW CHART SYMBOLS 


PJr*;| PRODUCTION 
p?£§;l INSPECTION 


feS J PRODUCTION 


ypv Q UAL,TY 

lb) \-1 INSPECTION/ 
\K J X MONITOR 


► TRANSPORT 


A STORE 
/^y-X INVENTORY 





Q.A. AUDIT 



FINISHED GOODS 



SHIPPING INSPECTION 
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APPENDIX A: FAILURE RATE CALCULATIONS 



In order to predict the rate at which product will fail, it is 
necessary to accelerate the life of the product. This is most 
commonly done by a temperature and/or voltage stress, a 
process known as burn-in. The equation for both stresses 
is exponential, hence large acceleration factors can be 
achieved. In our studies, only temperature was used in the 
acceleration equation; the devices were biased at nominal 
voltages. The equation is shown below. It is known as the 
Arrhenius Reaction Rate Equation, named for the man 
who modeled the relationship between temperature and 
the relationship between temperature and the chemical 
reaction property of materials. 

ARRHENIUS REACTION RATE EQUATION 



Af = Exp 



"Ea/" J 1_ 

KVT1 T2 



Af: Acceleration Factor 
Ea: Activation Energy (in electron volts) 
K: Boltzmanns Constant (8.62 x 1 0-5) 
T1 : Temperature of System Operation (°K) 
T2: Temperature of Life Test (°K) 

Burn-in when run for 1000 hours, is call "life test." Interim 
readouts normally occur at 168 and 500 hours. The 
hypothesis is that a "bathtub curve" will result. This curve, 
shown below, illustrates a device's failure rate versus time. 
Certain manufacturing defects have a tendency to cause 
failures early in the life of a device (infant mortality). The 
failure rate associated with these defects can be 
accelerated by applying stresses, such as temperature and 
voltage, which do not appreciably affect the normal 
failure rates or wear out mechanisms. 

BATHTUB CURVE 



INFANT MORTALITY 

WEAROUT - 
CONSTANT FAILURE RATE 



ACTIVATION ENERGIES 

In order to calculate the acceleration factor, the activation 
energies for various failure modes encountered in the 
semiconductor industry are required. Initially, failure 
modes are assumed based on industry experience. As 
failures occur, they are rigorously analyzed and the failure 
modes then used to determine which activation energies 
are appropriate for determining failure rates. The 
following table describes the most common failure modes 
and their activation energies. 

Table 1. 



FAILURE MECHANISM 


Ea 


STRESS 


Oxide Defects 


0.3eV 


High Voltage Op Life 


Contamination 


1.0eV 


High Voltage Bias 


Silicon Defects 


0.5eV 


High Voltage 


Metal Line 
Electromigration 


0.5eV 


High Voltage Op Life 


Contact 
Electromigration 


0.9eV 


High Voltage Op Life 


Masking Defects 
Assembly Defects 


0.5eV 


High Temperature 
Storage Op Life 


Microcracks 


N/A 


Temperature Cycling 


Short Channel 
Charge Trapping 


-0.06eV 


Low Voltage 

High Voltage Op Life 



ACCELERATION FACTORS 

Once the activating energy is determined for a given 
failure mechanism, the acceleration factor can be 
calculated using the Arrhenius equation. The following 
table lists some of the common activation energies and its 
associated acceleration factors between different ambient 
temperature. 

Table 2. 



Est. T, 
Accelerated 


Estimated Tj 
Typical application Temp. 


Activation 
Energy 


Temperature 


25°C 


40°C 


55°C 


70°C 


(eV) 


125°C 
150°C 


133 
315 


52 
124 


22 
53 


10 
24 


0.5 


125°C 
150°C 


941 
3142 


255 
851 


78 
260 


26 
88 


0.7 


125°C 
150°C 


6655 
31368 


1241 
5852 


270 
1273 


67 
316 


0.9 
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FAILURE RATES 

At Micro Linear, failure rates are generally stated at 60% 
confidence level using Chi square statistic per the 
following formula. 



Table 3. Percentiles of the Chi Square Distribution. 
(Values of chi 2 corresponding to certain selected 
probabilities). 



^MAX 



.%?_ a [withdf = 2(r + p] 



2t 



where: Xmax= maximum failure rate 
X 2 = chi square distribution 
r = number of failures 
df = degree of freedom 
t = total number of test hours 
a = statistical error expected in estimate. 
For 60% confidence level, a = 0.4 or 
1-a = 0.6 

Selected values of Chi Square distribution are listed in 

Table 3. 





60% 


90% 




CONFIDENCE 


CONFIDENCE 




LEVEL 


LEVEL 


PROBABILITY IN % 


60.0 


90.0 


1-oc 


0.60 


0.90 




TOTAL 






df 


FAILURES 


0.708 




1 




2.71 


2 





1.830 


4.61 


3 




2.950 


6.25 


4 


1 


4.040 


7.78 


5 




5.130 


9.24 


6 


2 


6.210 


10.60 


7 




7.280 


12.00 


8 


3 


8.350 


13.40 


9 




9.410 


14.70 


10 


4 


10.500 


16.00 


11 




11.500 


17.30 


12 


5 


12.600 


18.50 


13 




13.600 


19.80 


14 


6 


14.700 


21.10 


15 




15.700 


22.30 


16 


7 


16.800 


23.50 


17 




1 7.800 


24.80 


18 


8 


18.900 


26.00 


19 




19.900 


27.20 


20 


9 


21.000 


28.40 



Failure rate may be expressed a number of ways. Table 4 
compares various ways of expressing failure rates. 



Table 4. Failure Rates 



NO. OF 

FAILURES PER 

DEVICE HOURS 


FAILURE 
RATE 


% PER 
1000 HOURS 


PPM 
(HOURS) 


FITS 


MTBF 
(HOURS) 


1/1 X109 


0.000000001 


0.0001 


0.001 


1 


1 X109 


1/1 X108 


0.00000001 


0.001 


0.01 


10 


1 X108 


1/1 X107 


0.0000001 


0.01 


0.1 


100 


1 X107 


1/1 X106 


0.000001 


0.1 


1 


1000 


1 x10& 


1/1 X105 


0.00001 


1 


10 


10000 


1 X105 


1/1 X104 


0.0001 


10 


100 


100000 


1 X104 


1/1 X103 


0.001 


100 


1000 


1000000 


1 X103 
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APPENDIX B: RADIATION HARDNESS OF 12V BIPOLAR PROCESS 



The Micro Linear 12V bipolar process has demonstrated 
selective hardness to radiation exposure. The components 
most commonly used in the 1 2V process which are 
described in table 1 , were exposed up to 10 6 Rads total 



dose ionizing radiation. A second group of the same 
components were exposed to non-ionizing radiation of up 
to 10 14 fluence neutrons/sq. cm. Neither group was 
exposed to both types of radiation. 



DESCRIPTION 


BIAS 

DURING 

IRRADIATION 


POST 

IRRADIATION 

MEASUREMENTS 


FIGURES 


Minimum Geometry NPN 


Vces = 5V 


Ahfe 


1/4 


Lateral Quad Collector PNP 


V C ES = -5V 


Ahfe 


2,5 


Vertical PNP 


Vces = -5V 


Ah fe 


3,6 


45Q N+ Resistor 


No bias 


AR 


3,6 


850ft P+ Resistor 


No bias 


AR 


3,6 


10K£2 Implanted P Resistor 


No bias 


AR 


3,6 


1 0pF Capacitor 


No bias 


ai l 


3,6 



Table 1 . Components 



Figures 1 through 3 show the results of the ionizing 
radiation tests. Figures 4 through 6 show the results of the 
non-ionizing radiation tests. 

* The resistors and capacitors were not significantly altered by exposure to these 
radiation levels. They are not included in the figures. 



SUMMARY 

The hf e of the NPN transistors degrade by approximately 
50% at 105 Rads and 80% at 10 6 Rads. The PNPs degrade 
more severely by approximately 80% at 10 5 Rads and 
reach unity at 10 6 Rads. Degradation vs. neutron fluence 
is similar but less severe. 

Micro Linear circuits, exclusively using NPN devices and 
passive components, can be designed to perform in a high 
radiation environment. 



General Purpose NPN Transistor 




105 106 

TOTAL IONIZING DOSE RAD (Si) 

Figure 1 . 



General Purpose Lateral PNP Transistor 




105 106 

TOTAL IONIZING DOSE RAD (Si) 



Figure 2. 



fl^ Micro Linear 



8-11 



Substrate PNP Transistor 




105 106 

TOTAL IONIZING DOSE RAD (Si) 



Figure 3. 



General Purpose Lateral PNP Transistor 




1012 1013 

FLUENCE NEUTRONS/sq. cm. 



Figure 4. 





General Purpose NPN Transistor 


40- 


lce = 100nA^ 




lce = 10nA-^\ 


30- 


\ 


| 20- 


lce = 1nA^\ VL 


10- 
0- 


^ta. 



Substrate PNP Transistor 



1012 1013 

FLUENCE NEUTRONS/sq. cm. 




1012 1013 

FLUENCE NEUTRONS/sq. cm. 



Figure 5. 



Figure 6. 
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Packaging Information 



Section 9 



Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 
Package: 



J08 

P08 

S08N 

J14 

P14 

S14N 

J16 

P16 

S16N 

S16W 

J18 

P18 

S18W 

J20 

P20 

Q20 

R20 

K20 

T20 

S20W 

P22 

J24W 

J24N 

P24W 

P24N 

R24 

S24W 

J28W 

P28W 

P28N 

Q28 

R28 

S28W 



8-Pin Hermetic DIP 9-1 

8-Pin Molded DIP 9-1 

8-Pin SOIC (Narrow) 9-2 



14-Pi 
14-Pi 
14-Pi 
16-Pi 
16-Pi 
16-Pi 
16-Pi 
18-Pi 
18-Pi 
18-Pi 
20-Pi 
20-P 
20-Pi 
20-P 
20-Pi 
20-Pi 
20-Pi 
22-Pi 
24-Pi 
24-Pi 
24-Pi 
24-Pi 
24-Pi 
24-Pi 
28-Pi 
28-Pi 
28-P 
28-P 
28-Pi 
28-P 



n Hermetic DIP 9-2 

n Molded DIP 9-3 

n SOIC (Narrow) 9-3 

n Hermetic DIP 9-4 

n Molded DIP 9-4 

n SOIC (Narrow) 9-5 

nSOIC 9-5 

n Hermetic DIP 9-6 

n Molded DIP 9-6 

nSOIC 9-7 

n Hermetic DIP 9-7 

n Molded DIP 9-8 

n Molded Leaded PCC 9-8 

nSSOP 9-9 

nQSOP 9-9 

nTSSOP 9-10 

nSOIC 9-10 

n Molded DIP 9-11 

n Hermetic DIP 9-11 

n Hermetic Ceramic DIP (Narrow) 9-12 

n Molded DIP 9-12 

n Molded DIP (Narrow) 9-1 3 

nSSOP 9-9 

n SOIC 9-1 3 

n Hermetic DIP 9-14 

n Molded DIP 9-14 

n Molded DIP 9-1 5 

n Molded Leaded PCC 9-15 

nSSOP 9-9 

nSOIC 9-16 



^S^ Micro Linear 



Package: H32 32-Pin TQFP 9-16 

Package: Q32 32-Pin Molded Leaded PCC 9-17 

Package: S32W 32-Pin SOIC 9-17 

Package: J40 40-Pin Hermetic DIP 9-18 

Package: P40 40-Pin Molded Plastic DIP 9-18 

Package: G44 44-Pin PQFP 9-19 

Package: Q44 44-Pin Molded Leaded PCC 9-19 

Package: H44 44-Pin TQFP 9-20 

Package: H48 48-Pin TQFP 9-16 

Package: G52 52-Pin PQFP 9-19 

Package: Q52 52-Pin Molded Leaded PCC 9-19 

Package: H52 52-Pin TQFP 9-20 

Package: H64 64VPin TQFP 9-20 

Package: Q68 68-Pin Molded Leaded PCC 9-19 

Package: Q84 84-Pin Molded Leaded PCC 9-19 

Note 1: Dimensions are in inches/(milhmeters). 

Note 2: Coplananty not to exceed 0.005" (0.1 27mm) for all surface mount packages. 

Note 3: Bent leads for all surface mount packages not to exceed 0.005" (0.1 27mm) from its true position 

Note 4: Bent leads for all PDIP and CDIP packages not to exceed 0.01 0" (0 254mm) from their true position. 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: J08 
8-Pin Hermetic DIP (CERDIP) 






XI 



0.275/0.295 
(6.98/7.49) 



u u u u 1 




0.020/0.050 
(0.508/1.27) 

SEATING v III 

PLANE ^N/L*. °° /1 5° 

MIN 



\\ 0.008/0.012 
-*flf* (0.203/0.305) 



Package: P08 
8-Pin Molded DIP 





"* (8.89/9.40) ' 

i — ii — i r— 1 1 — i 


♦ 

0.240/0.260 
(6.09/6.60) 


8 5 

) 

1 4 




LJLJ L-JLJ 



0.200 f \Z 

^b^| MAX IT 



(0.406/0.559) 



vm 



(0.508/1.27) 

i 



-r-SEATING 
t PLANE 




(0.127) 
. 0.090/0.1 10 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: S08N 
8-Pin SOIC (Narrow) 



illl 



mf 



(.280/.533) 



TYR-^IU- 



■J Its 



.018MIN (.457) 
I PLCS) 



.050 ± .008 
(1.27 ± 0.20) 



■059/.070 
(1.50/ 1.79) ^ 

* SEATING' 

PLANE 



•007/.010 

(.177/.254) . 



T I -J L- 014/.037 

U — »H (.355 /.940) 

1 no/ nAC ' 



.228Z.246 

(5.79/6.25) 



Package: J1 4 
14-Pin Hermetic DIP (CERDIP) 





n 0.750/0.785 ^ 




(19.05/19.94) 
i— i r-i r— i i— i r-i r-i r~i 


t 

0.265/0.310 

(6.731/7.874) 


14 8 

) 

1 7 


- u u uu 


U U U 
^ 0.050/0.065 


1 


(1.27/1.65) 



0.020/0.050 



^fc±HXHKRSi 



(0.406/0.559) 



(0.508/1.27) 



-CCATIK.I/- 



(0.254) 
0.090/0.110 M | N 



/ 

V/|^ 0V15 



(2.286/2.794) 



K„ 



(0.203/0.305) 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: P1 4 
14-Pin Molded DIP 





0.730/0.770 






(18.542/19.558) 
■ — I ■ — ■ I — ■ I — I ■ — ■ 1 — ■ 


n 


t 

0.240/0.270 
(6.0%/ 6.858) 


14 

) 

1 


8 

7 




u u u u u u 


LJ 



0.200^ C 



(1.27/1.65) 



(3.175) f 



mm 



(0.406/0.559) 




(0.203/0.356) 



(2.286/2.794) 



Package: SUN 
14-Pin SOIC (Narrow) 



O 



(3.76/4.01) 



.228/.24S 

(5.79/6.22) 



.003/.010 



- .334/.346 - 
(8.48/8.78) 



t .045/.055 -»T T- »»ll«— M2/.02O /" 



t .045/.055 
(1.14/1.40) 



■012/.020 
(.305/.508) , 

SEATING PIANE 



■009/.012 / ' -' 

(.229/305)1^ // \ 



-.015/.035 
(.381/1.27) 



o -8°-/ 



■059/.069 

(1.50/1.75) 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: J1 6 
16-Pin Hermetic DIP (CERDIP) 



(19.05/19.94) 



r~ir~ir- ir~ir— irnrnrn 



(6.731/7.874) 

J 



u u uu u 



-I 



(1.270/1.651) 



0.200 
(5.08) 
0.125" , t 

(3.175) i f 




0.016/0.022 
(0.406/0.559) 



-SEATING 
-PLANE 



0.290/0.320 
(7.36/8.13) 



(0.127) 



V^°° /15 ° 



(2.286/2.794) 



Package: P1 6 
16-Pin Molded DIP 





^ 0.730/0.770 ^ 




(18.54/19.56) 
r— i i — i i — i i — i m r-i r-i r-i 


1 

0.240/0.270 
(6.10/6.858) 


16 9 



'u u u u u u u u 1 

0.055/0.065 




(0.406/0.559) 



(2.286/2.794) 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: SI 6N 
16-Pin SOIC (Narrow) 





•384/.395 




H 


(9.75/10.04) 


RR 


16 
1 




9 
8 






\ 


4 


yyyyy 





•011/.021 J|^ I I +1 ^_.018MIN 

(.280/.530)^ Hh * > j |^_ ^^(4 PLCS) 




(3.76/4.04) 



JU 



r*".228/.246"*^ 



Package: S16W 
16-Pin SOIC (Wide) 



ITTiTTO 

.050 ± .008 
(1.27 ± 0.20) 




.007/. 01 5 

(.177/.381) 



■290/.301 

H(7.36/7.65) 



-398/.412 ~ »n 
^~ (10.1 1/10.47) 



Mgk Micro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: J1 8 
18-Pin Hermetic DIP (CERDIP) 



.880/.915 



200 (5.08) MAX 

i 




.125 (3.17) MIN 



(.406/.559) 



Package: P1 8 
18-Pin Molded DIP 



1 

2.40/2.70 
(6.09/6.86) 

i 



-.915 (23.23) MAX- 



.nnnnnnnni 



ULJUULJUUU' 

I m .050/.065 



(1.27/1.65) 



.200 (5.08) MAX . 

i__L 



.020/.050 



(.510/1.27) 



.125 (3.17) MIN 




.016/.022 

(.406/.559) 



-JL 



SEATING 
PLANE 



.005 (1.27) MIN 



^/ 



.008/.014 

"" (.203/.356) 



j/* 



(2.29/2.79) 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: S18VV 
18-Pin SOIC (Wide) 



0.012/0.020 T p 
(0.304/0.508) ,lr -~~l 



0.448/0.468 
(11.38/11.89) * 


RHSHRHRHR, 


18 10 


1 9 


i h y y y h y ij y 
-Ik J i -| 



■ 0.024 MIN ■■-,-„ 
*" (0.610 MIN) (4PLCS) 



0.050 ± 0.005 
(1.27 ±.13) 



0.290/0.301 

"*" (7.36/7.65) "** 



0.007/0.015 



0.095/0.106 / \ (0.177/0381) 

(2.41/2.70) .^UUUUUUUUU^ ±_Jf 



SEATING 
PLANE 



?%, 



|, 0.398/a412 ,f " 



0.022/0.042 
(0559/1.07) 



Package: J20 
20-Pin Hermetic DIP (CERDIP) 



0.285/0.310 

(7.239/7.874) 



0.985 

-(25.02)- 

MAX 



n n n n n 



i-i r-i m n 



0.200 
(5.08) 



wmwm 



0.125 

(3.175) 
MIN 



(1.270/1.651) 
0.016/0.022 



(0.406/0.559) 



0.020/0.050 
(0.508/1.270) 



(7.366/8.128) 



F% 



0.090/0.110 
(2.286/2.794) 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: P20 
20-Pin Molded DIP 



0.240/0.270 
(6.096/6.858) 



i — ii — ii — i i — i 



1 10 

uuuuuuuuuu 



0.200 
(5.08) 
MAX 

i_ 



0.125 

(3.175) 



mmm 



0.055/0.065 



(1.397/1.651) 
0.016/0.022 



"(0.406/0.559) 



0.020/0.050 
T (0.508/1 .270) 

SEATING 

~i PLANE 



0.290/0.320 
(7.366/8.128) 



(0.127) 
0. 090/0.110 



(2.286/2.794) 



s 






Package: Q20 
20-Pin Molded Leaded PCC 




.020 

(.508) MIN. 
SEE NOTE 1 



t 

.013 (.330 1 0.290/0.330 
T.021 1.533/ (7.366/8.382) 

: i_ 
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tf^, Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: R20, R24, R28 
20-Pin SSOP, 24-Pin SSOP, 28-Pin SSOP 




"N" 
LEADS 


. DIM."D" 
inches (mm) 


PACKAGE 
I.D. 


20 


.274A294 (6.95/7.45) 


R20 


24 


.313/333 (7.95/8.45) 


R24 


28 


.392/.412 (9.95/10.45) 


R28 



(1.68/1.78) 

i I 



■068/.078 
(1.73/1.99) 



ilMMMJIMil 



.022/037 



Jt 






.002/.010 
(.050/254) 



TLA 

— rr 



Package: K20 
20-Pin QSOP 



0.0525 ± 0.0025 
(1 .33 ± 0.07) 



'i 



O 



ae 



0.010±0.002_ 
(0.25 ±0.06) 
0.025 BSC 
,635 BSC) 



n r ummrmi 



0.236 ± 0.008 
(5.99 ± 0.20) 



_ 0.342 ± 0.005_ 
(8.69 ±0.13) 



SEATING PLANE 



0.064 T ± 0.004 
(1.63 ±0.10) 



0.006 +0.004/-0.002 
(0.15 +0.1 0/-0.03) 



0.058 ± 0.005 
(1.47 ±0.1 3) 



-M 



8 °* J**! 0.1 55 ±0.005 
J (3.94 ±0.1 3) 



0.008 ± 0.002 
J0.20 ± 0.05) 



CZU X U.I 



0.025 ±0.010 
(0.64 ± 0.25) 



fi^. Micro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: T20 
20-Pin TSSOP 



yyyyyyyyyy 



4.30/4.48 6.25/6.50 
(.169/.176) C246/.256) 



.18/30 



biw!flAimwiki===i 



t 



Fl 



6.40/6.60 

(.252/.260) " ' .005/.015 
(.002/.006) 






Packa 
20-f 

n .498/.512 


ge: S20W 
►in SOIC 




(12.65/13.00) 

RRRRRRRRBR 


.02 






20 11 
1 10 








4 MIN IA n,™ 




.012/.020 
(.304/.508) 


mtJtJHimil 

""^J L .050 ± .008 


(.61 


MIN) (4 PLCS) 

.007/.015 

(.177/.381) 

4--T 


.290/.301 

(7.36/7.65) 




t ' ' (1.27 ±0.20) 






.095/.106 / 




/ 




(2.41/2.70) qJT[J^J^jI|jI[flf^ 


> 


1 1 .022/.042 
-sL] (.559/1.07) 


• SEATING ^ 
PLANE (NOTE 1) 


.398/.412 H 
(10.11/10.47) 
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3^, Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 















Package: P22 
22-Pin Molded DIP 






1.120/1.140 


- 






' (28.45/28.96) 














22 


12 


t 

0.340/0.370 












) 
1 


11 


(8.64/9.40) 




rn'j i I i I I ii_JL_ii ilji— ii_j 

0.055/0.065 
*' ^ (1.40/1.65) 


0.200 








(5.08) 
MAX. 










i 




( 




0.020/0.050 


\ 


UUMUM 


MMl 


I (.0.51/1.27) 
— J- SEATING 










mi 

0.014/0.028 


II 


n« 


A PLANE 




t 

125 


0.005 






(0.36/0.71) 


(0.13) 




(3.18) 
MINI. 






0.090/0.1 


o M,N - 

9) 






(2.29/2.7 




3i 



r 



(0.20/0.36) 



Package: J24W 
24-Pin Hermetic DIP (CERDIP) 



LJ LJ l_ l L_l 



0.200 
(5.08) 
MAX 



L5P 



0.125 

(3.175) 
MIN 



(1.270/1.651) 
0.016/0.022 



(0.406/0.559) 



0.510/0.590 
(12.95/14.99) 




0-T 



0.020/0.055 
(0.508/1.397) 



SEATING 
PLANE 



^/ 



0.008/0.012 _^\ 
(0.203/0.305) 



(2.286/2.794) 



tf^ Micro Linear 
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PHYSICAL DIMENSIONS inches (millimeters) 



Package: J24N 
24-Pin Hermetic Ceramic DIP (Narrow) 






1.240/1.290 








(31.50/32.77) 








r~ir— ir— ir— ir— i i — i i — i i — ii— ir-if-|(— i 








24 13 


t 

0.285/0.310 

(7.239/7.874) 

I 






1 12 






uuuuuuuuuuuu 




0.200 
(5.08) 


0.290/0.320 




MAX 


(7.366/8.128) 




1 ' 

_| : 


["(0.508/1.397) • 
SEATING // 






1 


irr~ 


IWOWWWTO 




A 0.008/0.012 


\ h 


h 




\\ (0.203/0.305) 






n 1 11 11 


I I I 


A PLANE // 


-i*^ 


t 




U U U U L! U L 

0.050/0.065 


u u u 


^^(0.254) ' 


^ 0°/15° 


0.125 

(3.175) 
MIN -** 


(1.270/1.651) 
0.016/0.022 
** (0.406/0.559) ~~ ^ 


0.090/0.110 
1 * (2.286/2.794) 









Package: P24W 
24-Pin Molded DIP (Wide) 








1.210/1.270 








(30.73/32.26) * 








r-ini-inr-ir-ir-innr-^nr^ 










24 13 


, 


k 






) 


0.540 

(13.72 


ft).570 
/14.48) 






1 12 


' 


' 






lJ u U U U 1 — I" 1 — 1 1 — 1 L_J" L_J L_T " "U 






0.200 




(5.08) 


i 


0.590/0.620 


MAX 




0.020/0.050 


(14.99/15.75) 




I m irism ->Tn\ 


1 - \ 


4H 


mwwm 

0.050/0.065 1 I — *- 




_i_ 


SEATING 
PLANE 


J" 1 ^ 


V" 




t 

0.0 


0.008/0.014 J 
(0.203/0.356) 
^x 0°/15° 


0.125 


(1.270/1.651) 






(3.175) 
MIN 




0.016/0.022 0.09 


J/0.110 

5/2.794) 






(0.406/0.559) (2.28 
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PHYSICAL DIMENSIONS inches (millimeters) 





Package: P24N 
24-Pin Molded DIP (Narrow) 

1.210/1.270 










(30.73/32.26) 
i-ir-imnnnr-inni-]r-ir-i 








24 13 

) 

1 12 


0.240/0.270 
(6.096/6.858) 




0.200 
(5.08) 
MAX 


uuuuuuuUUUUU 




0.290/0.320 

(7.366/7.874) 






0.020/0.050 








I (0.508/1.270) 
SEATING 


/ 1 




5 


mwmw 

0.050/0.065 I I — *• 




/ 


p *v 


0.008/0.014 
\ (0.203/0 356) 


I 


\ 


r 

0.125 

(3.175) 
MIN 




A PLANE 
„ 0.010 MIKI 


^ 0°/15° 


(1.270/1.651) 

0.016/0.022 A I 0.09 


0/0.110 

&/2.794) 






(0.406/0.559) (2.28 





Package: S24W 
24-Pin SOIC 



LBlliil 



FTBTBTFHWO 

.012/.020 




.007/.015 

(.177/.381) 






a, 



(1.27 ± 0.20) 



0.406 ± 0.010 
(10.31 ± 0.254) 



^i> Micro Linear 



9-13 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: J28VV 
28-Pin Hermetic DIP (CREDIP) 



(36.58/37.72) 



r-i r-1 n n r-i 



UUUL-JLJLJLJU 



14 

u u u 



0.510/0.590 
(12.95/14.99) 



(5.08) 




N 





x 0.590/0.620 






(14.99/15.75) 






■ ' 


/ 


i n 


I 

/ 


0°/15° 


A 



(0.406/0.508) 



(2.286/2.794) 



Package: P28W 
28-Pin Molded DIP 



(35.81/37.34) 
n r-i r— » r-i 



(13.72/14.48) 



I— I l_) l_l I— I LJ I— I I— I 



"C 




B_T 



(1.27/1.651) 
0.016/0.022 



(0.406/0.559) 



(2.286/2.794) 



SEATING 
PLANE 




(14.99/15.75) 



(0.203/0.356) 



9-14 



tf^. Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: P28N 
28-Pin Molded DIP (Narrow) 



1360/1.370 



) 



0.280/0.295 

(7.11/7.49) 




0.300/0.325 

L_(7.62/8.26)_J 

/ I 



0.008/0.012 
' (0.20/030) 



Package: Q28 
28-Pin Molded Leaded PCC 



0.050 ±0.005 

27) 



~N. ~~H (1.270 ±0.1 

i n n n n n n— — - 



0.450/0.495 

(11.4/11.6) 

SQ. 



' U U U U U U U- 



-Ik 



0.485/0.495 

(12.3/12.6) 

SQ. 



0.013/0.21 0.390/0.430 

" (0.330/0.533) (9.906/10.92) 

BCOF 
BEND RADII 




^^ Micro Linear 



9-15 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: S28W 
28-Pin SOIC 




kinnnnni 



nnm-ffll 



■09 5/.106 
(2.41/2.70) 



_ SEATING 
PLANE 



(1.27 ± 0.20) 







0.294 ± 0.010 

(7.47 ± 0.25) 




.007/.015 
(.177/.381 






1 




f 




Jr 


^ 


r 










.398/.412 


► 



Package: H32, H48 
32-Pin TQFP, 48-Pin TQFP 



.344/364 



(8J5/9.25) 
.272/.280 




"N" 


32L 


48L 


"P" 


.315 BASIC 
(.80) 


.0197 BASIC 
(50) 


"W" 


.009/.015 

(.23/38) 


.008/.012 
(.20/30) 


PACKAGE 
ID 


H32 


H48 



■035/.043 / \ .04 

c 9o y - iq> J^QMUMflJ?"^ J «- 2 



j 



.014/.026 



0°-8°' 



9-16 



**gL Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: Q32 
32-Pin Molded Leaded PCC 



n n n n r 1 ! h n— 



0.050 ± 0.005 
.27 ±0.127) 



UUUUUUU- 

.4537.447 



(11.51/11.35) 
.4957.485 



3 

3 

3 

3 0.533/0.547 

2 (15.05/13.89) 

3 

3 

3 

3 



■0595/.0585 
(15.11/14.86) 




L 0.013/0.021 

1" (0.330/0.533) 



0.490/0.530 
(12.45/13.46) 



.121/.142 
'^~~ (3.07/3.61) 



.015 
(.381) ' 



■430/.390 



Package: S32W 
32-Pin SOIC 



O 



.050 BSC 

(1.27) 



■291/.301 

(7.39/7.65) 

■417/.427 



T .090/.100 
I (2.28/254) 



HIMMMMJW 



.083/.093 
f (2.11/2.37) 



- -IL 



.014/.020 



■004/.010 

(A02/.254)l_fr^ 

Tl I 



Z!Z 



^L_l 



■025/.037 J 

(.63S/.942) 0»-8»./ 



^^ Micro Linear 



9-17 



PHYSICAL DIMENSIONS inches (millimeters) 

Package: J40 
40-Pin Hermetic DIP (CERDIP) 



n n r i n n n n n 



n n n n 



LI l_J Li LI 



20 

LJ LI LI 



0.510/0.590 
(12.95/14.99) 



020/0.050 




0.125 
3.175 
MIN. 



Package: P40 
40-Pin Molded Plastic DIP 



Z.U/I/Z.UJ? 



nnnnnnnn 



nnnnr~ innnnnn 



uuuuuuuuuuuu 



uuuuuu u 

_l 0.065/0.050 

~~ ^~~ (1.65/1.27) 



(5. 

M 


08) 
















i 


1 


0.050/0.020 


' 


' 




^k 


0.022/0.016 
(0.56/0.41) 


I'l I'f if II If II If 
T J 0.110/0.090 

(2.79/2.29) 




1 (1.27/0.51) 








V.Ub 


t 


1 


\ 


0.010 
h *~ (0.25) 



SEATING 
PLANE 



^ 



9-18 



M jL Micro Linear 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: G44, G52 
44-Pin PQFP, 52-Pin PQFP 



537/557 



(13.65/14.15) 
_ .3B9/.399 _ 



o 



"N" 


44L 


52L 


"P" 


.0315 (.80) BSC 


.0265 (.65) BSC 


"W" 


.012/.018 (.30/.45) 


.090/.014 (.22/.3S) 


PACKAGE 
ID 


G44 


G52 



.537/357 
(13.65/14.15) 



iMMMmni 



1.95mm 
LEAD 
FORM 



.074/.084 
(1.88/2.13) 



B 



V. 



r 



.005/.009 



SEE DETAIL "A" v 

. ; >■ - 



L_o°t< 



.026/.037 

(.63/.95) 



Package: Q44, Q52, Q68, Q84 
44-Pin, 52-Pin, 68-Pin and 84-Pin Molded Leaded PCC 





< D *■ 




\ 






nnH r " ir ~ ir ~ ,r ~' r-|| ~ ir ~ ,r-1 






/ <§► 


] 

] 

] 

: e 

] 

] 

] 

] 


1 E 


t [ 

0.042/0.048 f 
(1.067/1.219) [ 

[ 


+ 




' — r ii ii ii ii ii ii ii ii ii ii i — ' 





.042/0.056 
(1.067/1.422) 



-JiU- -J 



0.026/0.032 
(0.660/0.813) 



0.050 ± 0.005 
(1.27 ±0.1 27) 




Lead Count 


44L 


52L 


68L 


84L 


A 


0.165/0.180 

(4.191/4.572) 


0.165/0.180 
(4 191/4.572) 


0.165/0.180 
(4.191/4.572) 


0.165/0.180 

(4.191/4.572) 


A1 


0.100/0.110 
(2.540/2.794) 


0.100/0.110 
(2.540/2.794) 


0.095/0.118 

(2.413/2.997) 


0.095/0.118 
(2.413/2.997) 


A2 


0.148/0.156 
(3.759/3.962) 


0.148/0.156 
(3.759/3.962) 


0.146/0.154 
(3.708/3.911) 


0.146/0.154 
(3.708/3.911) 


D 


0.685/0.695 

(17.39/17.65) 


0.785/0.795 
(19.94/20.19) 


0.985/0.995 
(25.02/25.27) 


1.185/1.195 
(30.09/30.35) 


D1 


0.650/0.654 
(16.51/16.61) 


0.750/0.754 
(19.05/19.15) 


0.950/0.954 
(24.13/24.23) 


1.150/1.154 
(29.21/29.31) 


D2 


0.590/0.630 
(14.99/16.00) 


0.690/0.730 
(17.53/18.54) 


0.890/0.930 
(22.61/23.62) 


1.090/1.130 
(27.69/28.70) 


D3 


0.500 REF 
(12.70 REF) 


0.600 REF 
(15.24 REF) 


0.800 REF 
(20.32 REF) 


1.00 REF 
(25.40 REF) 


E 


0.685/0.695 
(17.39/17.65) 


0.785/0.795 
(19.94/20.19) 


0.985/0.995 
(25.02/25.27) 


1.185/1.195 
(30.09/30.35) 


E1 


0.650/0.654 
(16.51/16.61) 


0.750/0.754 
(19.05/19.15) 


0.950/0.954 

(24.13/24.23) 


1.150/1.154 
(29.21/29.31) 


E2 


0.590/0.630 
(14.99/16.00) 


0.690/0.730 
(17.53/18.54) 


0.890/0.930 
(22.61/23.62) 


1.090/1.130 
(27.69/28.70) 


E3 


0.500 REF 
(12.70 REF) 


0.600 REF 
(15.24 REF) 


0.800 REF 
(20.32 REF) 


1.00 REF 
(25.40 REF) 


C 


0.009/0.0103 
(0.228/0.261) 


0.009/0.0103 
(0.228/0.261) 


0.007/0.008 
(0.178/0.203) 


0.007/0.008 
(0.178/0.203) 


PACKAGE 
ID 


Q44 


Q52 


Q68 


Q84 



fij^ Micro Linear 



9-19 



PHYSICAL DIMENSIONS inches (millimeters) 



Package: H44, H52, H64 
44-Pin, 52-Pin and 64-Pin TQFP 




"N" 


44L 


52L 


64L 


"■" 


.80 BASIC 
(.0315) 


.65 BASIC 
(.0256) 


JO BASIC 
(.0197) 


"W" 


.18/.32 
(.007/.013) 


.23/37 
(.009/.015) 


•18/.32 
(.007/.013) 


PACKAGE 
ID 


H44 


H52 


H64 



.035/.043 / .^_,^ UJL _. J , J ,_._. J .^ \ -047 ^ 

^^msi^J^iMMMMM^L, 1 (t - 20 ) 



u 



.014/.026 



0°-8°' 



G527 GE/CP 30K 295 



9-20 



^^ Micro Linear 




^^t Micro Linear 



